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AES TRACT 

This monograph summarizes an extensive body of sleep 
and dream research in order to indicate the major trends of work in 
this area. Although a nosaic oi disciplines are represented, a spirit 
ct cooperation has made it possible to knit together data which might 
have remained unrelated. The research reported here provides 
knowledge about: (1) the nature of sleep; {'/) the complex 

interrelatedness ct the train; (I) the explanation of sleep 
disorders; (4) the chemistry of sleep; and (5) new instruments and 
technigues of analyzing data. The document suggests that one of the 
great contributions cf sleep research could be the enlargement of 
human capacities and tne enrichment of human consciousness, in 
summary, the study ct sleep has extended its benefits into medicine, 
pharmacology, psychiatry, into the scheduling of wer* and rest, and 
into the education of the individual acquainting hin with himself and 
the uses cf his remarkable train. ITT) 
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Foreword 

This monograph was stimulated by the extraordinary growth now ap- 
parent in an area generally identified as sleep and dream research, for this 
recent concentration of scientific effort offers a singular example of the power 
that basic research can exert in penetrating the problems of menial health and 
illness. 

In the past year alone, the National Institute of Mental Health supported 
over 60 projects related in whole or in part to studies of sleep and dreams, with 
awards totaling over $2 million. The work of many of these NIMH investi- 
gators is included in this summary, which extends beyond the Institute’s pro- 
gram insofar as necessary to indicate the major trends of work in the area. 
The report cannot, of course, encompass the classical studies already sum- 
marized in published literature, nor even provide a comprehensive survey of 
present-day sleep research, for although much of the scientific data on sleep 
have been generated during the last dozen years, significant references in this 
field now number hi the many thousands. 

The mosaic of disciplines contributing to the study of sleep contains such 
diverse fields as psychiatry, and mathematics, psychology, and biochemistry, 
physiology, and anthropology. Nevertheless, ferment about the subject matter 
and a spirit of cooperation across traditional disciplinary lines have made it 
possible to knit together data that might otherwise have lain unrelated in a 
variety of lalwatories. 

During the past year, individual summaries of many of the projects cited 
here were distributed to scientists working in the held of sleep and dieums. 
Many of the ecipients felt that up-to-date reports, especially in a field of such 
dynamic activity, represented a unique solution to the problem of scientific 
information exchange. Such communication, it was felt, provided a quick look 
at work in progress that might prevent duplication of effort and stimulate 
pertinent contacts among scientists, thus aiding them in their work. It is 
hoped that this monograph will be a further part of that process. 

Pjiiut Safir, 

Chief , Research Grants B ranch , 
National Institute of Mental Health . 
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Comt> Sleep e! 0 sleepe } the cevtaine knot of peace f 
The Baltina -place of wit , *he halm of wce y 
The pore marts wealthy the prisoner's release . . . 

Sir Philip Sidney 



Introduction 



During the last decade, the study of sleep has 
provided an aperture for the astronomers of the 
mind. Scientists of many disciplines, using differ* 
ent instruments rjid inspired by different interests, 
have converged onto that nighttime universe only 
to discover that they were exploring related events, 
fundamental processes involved in mood, behav- 
ior, memory, and development, sanity and psy- 
chosis, health and illness. 

The study of sleep has become something of a 
scientific vogue, but unlike social fads, it is based 
upon sound scientific strategy, Sleep is a funda- 
mental biological process whose mechanisms are 
providing unforeseen insights into mans behavior. 
The convergence of efforts by many researchers in 
a variety of scientific enterprises has resulted in 
the rapid development of new techniques and prac- 
tical knowledge — especially with regard to the 
brain’s activity, for the study of sleep is perhaps 
the most active single approach to the exploration 
of the brain itself; the alternation of sleeping and 
waking form the physiological background activ- 
ity of the brain. 

Sleep is an interruption of waking consciousness 
and the exercise of intelligence. It may bo one 
of the most essential needs of higher mammals. 
The mechanisms that control sleep and waking arc 
intimately related to those of emotion and atten- 
tion. Without understanding this essential phase 
of nervous activity, we are not likely to fathom 
the organization of memory or learning. One 
phase, of sleep appears in the brain activity of the 
unborn baby, and it persists throughout life, pos- 
sibly holding a key to the development of the hu- 
man brain and personality. The sleeping state 
is a convenient one for many kinds of brain studies, 
because the sleeping creature normally lies still and 
reac's very little to external stimuli. 



The exploration of sleep is very new in its cur- 
rent dimensions, yet it has already contributed 
toward the clinical diagnosis and treatment of 
narcolepsy 7 , toward behavioral predictions in sev- 
eral mental disorders, toward on understanding 
of the effects of drugs and more sensitive drug 
therapy, and toward an understanding of infant 
development. Sleep disorders are characteristic 
of many mental illnesses, and there are also many 
illnesses that manifest symptoms frequently dur- 
ing sleep — epilepsy, enuresis, asthma. The impli- 
cations of sleep research for general medicine can 
be illustrated in a single example: coronary at- 
tacks, often fatal, tend to occur during the early 
morning hours when people aro most likely to be 
in a particular phase of sleep, attended by certain 
distinct physiological changes. 

The control of sleep behavior could become an 
enormous asset in the modern world. In the next 
decades people may learn how to induce and ter- 
minate sleep at will, and establish more effective 
schedules of work and rest, perhaps even reduc- 
ing flic normal sleeping time. In our exploration 
of the mechanisms governing sleep and the capac- 
ities of the sleeping person, the door is opening 
upon the amplitude, the unexploited richness, of 
man’s consciousness. 

All men sleep. Between tlio darkness out of 
which wo ni'c bom and the darkness in which we 
end, there is a tide of darkness that ebbs and flows 
each day of our lives to which wo irresistibly 
submit. A third of life is spent in sleep, that 
most usual yet profoundly mysterious realm of 
consciousness where the person seems to live apart 
from tlio waking world, often immobile, some 
times appearing to bo departed. Why all of this 
sleep? Why docs tlio animal world plunge into 
those periods of stillness? 



We have not yet answered that question, but we 
are beginning to track some of the unseen forces 
that govern the rhythms of our lives, docks with- 
in our own substance that strike the tempo ac- 
cording to which we wake ov dream, chemicals 
that cause an ebb and flow of consciousness. For 
the first time science is gaining a glimmer of the 
miraculous machinery of the mind at times when 
it is speaking only to itself. 

Although we have always conceived of sleep 
and waking as the light and dark of human con- 
sciousness, we have discovered that there are, in- 



stead, many shades — that sleep itself is not un- 
conscious, ar d that the forgotten darkness of each 
night contains periods of intense inward con- 
sciousness and many varieties of thought. It is 
not oblivion that is studied in the exploration of 
sleep, but the entire realm of man’s mental being. 
What now emerges from the laboratory may bring 
to all mankind the possibility of learning the ex- 
traordinary feats of mental and bodily control 
shown by singular individuals. Slowly, these are 
becoming an open secret. Thus sleep, the private 
world of darkness and rest, may open to man his 
full abilities. 
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Whatever may he the multiplicity or contrariety of opinions upon this mb* 
jeet , nature has taken sufficient care that theory shall have liti r e influence upon 
practice. Tin most diligent Inquirer is not able long to keep his eyes open: 
the most eager disputant will begin about midnight to dcse.t his argument; 
and \ once in every fovr-and-twenty hours, the gay and the gloomy^ the witty 
and the dull , the clamorous and the silent, the busy and the iflc. ore all over - 
poicere* by the gentle tyrant , and all lie down in the equality of sleep . . . 

Sa > in cl Johnson 



Chapk'*' I. Clocks Within the [Jody 



Before elect ricity, light was precious, difficult 
to p’ oduc^ and expensive to buy, and most of the 
human world retired when darkness fell. The 
custom of sleeping through the night probably 
stems from the long history of necessity. Perhaps 
nightly sleep, or at least the general habit of man- 
kind of sleeping many hours at one stretch, is the 
stamp of this history upon the organization of our 
bodies. 

Insofar as we know, people the world over 
sleep between 5 and S hours at a stretch, usually 
at night. If this were sheer custom one might ex- 
pect to hear about cultures with other habits, ]x?r- 
haps places where naps constituted the entire sleep 
of people, places where sleep was equally appor- 
tioned as arc our three meals a day. Such cul- 
tures may somewhere exist, but they have not been 
reported. 

In Spain and many Latin countries, of course, 
there is the custom of the afternoon siesta, a long 
nap. Nevertheless, people i n these countries sleep 
some 5-7 hours again at night. A visitor to Bali 
Inis claimed that the Balinese do not sleep all night, 
for they sing when they are awake and there is 
no time of day or night when singing cannot be 
heard in the villages. Unfortunately, Mich an- 
ecdotal repelling inspires faulty conclusions. 
Casual reports from tourists once suggested that 
the northern Norwegians slept remarkably little 
during the summer. Travelers had made this in- 
ference after cruises along the roast, for in this 
season of the midnight sun there were always 
townspeople along the docks, whatever the time, 
of day or night. However, the conclusion was 
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negated by J)i*. Nall uiiel Kleitman, a physiolo- 
gist whose systematic studies of sleep have pro- 
vided inspiration for much of (he current work. 
Kleit man and his dm ghter interviewed the towns- 
people of Tromso, in hat northern coastal region, 
and found that they; slept about 7 hours a day in 
the summer and only an hour longer in the winter. 
Other Arctic studies, offer about the same figures, 
emphasising (hat mj-n's sleep is not solely deter- 
mined by light and/dark (Kleitman and Kleit- 
man, 1953: Semagiij, 1901). 

Soria! customs and ^ lie organization of work 
and i’e.**t an* oriented around light and dark 
throughout the wdrld, and nightly sleep is the 
predominant, pattern. This nppcaivs to be chang- 
ing somewhat in urban societies, where some in- 
dustries and professions demand night work, por- 
tending a 21-hom* operation. The data proc- 
essing (enter in Rockefeller IMaza, for instance, 
is in constant operation as are newspa tiers, radio, 
1 V, creating professions to which many night 
people, so called, ire attracted. Many |»cople in 
urban centers appear to prefer night activity and 
day-long sleep. Ferenc Mol liar, the playwright, 
was so extreme in this inspect he is said to have 
seen daylight only on a rare occasion. There ia 
a story that lie had to appear in court as a witness 
one morning, and is friends taxied him into town 
nlxHil an hour after his normal retiring lime, Mol- 
nar Meanly looked out at the springtime streets 
of Huda ]>est and could not believe that so many 
jieojile would be lip and about. lL Ar<j they all wit- 
nesses F* lie wanted to know. 
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Although not every one does his sleeping at 
night, everyone, it appears, sleeps for a long in- 
terval once in every 24 hours. Wo do not know 
whether there is any intrinsic need to sleep many 
hours at a stretch, or whether we require some 
absolute amount of sleep that might be differently 
apportioned. Unt 1 other practices are found 
among human cultures or demonstrated in the lab- 
oratory, we have reason to assume that our sleep 
schedule is interknit with a system of ph} siological 
periods that revolve, like the earth, around an 
axis of 24 hours. The survival of a species is 
served by rhythms, biological clocks that are 
adapted to nature’s periodicities. Such rhythms 
are found in all forms of life and seem to be among 
their mo?' basic characteristics (Ivleitman, 1963; 
Murray im press; Richter, 1965). Although they 
are usually related to cycles in the environment, 
such as light and dark, they will persist for long 
periods even in the absence of such environmental 
change. The morning-glory is known to every 
child for blooming by day and closing at night. 
Similarly, algae, insects, and vertebrate creatures 
have inbuilt cycles. The owl and the bat are 
nocturnal, but most higher mammals are diurnal, 
sleeping in darkness and waking in light (Ber- 
lucchi and Strata, 1002) . Man is no exception to 
tins internal patterning. 

There may be a relatively simple explanation for 
the nocturnal activity of some animal species. The 
cat is such an animal, and something is known 
about the mechanism in the cat. His nervous 
system appears to bo directly responsive to dark- 
ness. A sensory apparatus within the eye dis- 
patches neuial impulses when light stimulation 
stops (Arduini and Pinneo, 19(>2, 1963). This 's 
known as the dark discharge of the retina. I)r. A. 
Arduini and his coworh.rs ft the University of 
Pisa have shown that this dark discharge has an 
arousing effect upon the cat. If other conditions 
remain constant the cat is more likely to be awake 
and alert during darkness, and this phenomenon 
has been shown to be duo to dark discharge from 
tbo retina. By eliminating the dark discharge 
from the retina in laboratory studies, the experi- 
mental cats were prevented from showing their 
natural tendency to come alert during darkness. 

This connection, which lias l>een established ex- 
perimentally between the dak -sensitive retina of 
Hie cats eye and the creature’s arousal system in 
the bare of its b^ain, helps to explain a cat's pref- 
er nee for night prowling. There is now* a grow*- 
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ing literature on such cyclical mecnanisms as oxy- 
gen metaboTsm in simple organisms, and bio^g- 
ical clocks within many forms of life, but in the 
higher organisms there are many internal rhythms. 
Within the human body it is safe to assume that 
there is a constant interplay of different cycles, 
whose time periods and effects upon our lives fall 
beyond the scope of present knowledge. 

Cycles and Illness 

Man ? s days, his nights, his diseases, his times of 
trouble, periods of confusion, moments of clar ty, 
may well be determined and balanced by a delicate 
and vastly complex intermeshingor biological time 
cycles. We are accustomed to recognizing the 
most obvious and predictable periods — infancy, 
childhood, maturation, and old age- -although we 
know little about the mechanisms mat make this 
schedule of life so predictable. Some internal 
cycles, like the 28-day menstrual cycle are well 
known; however, the individual pays jit tie atten- 
tion to most of his physiological cycles, indeed 
remains ir« vware that his fluctuations periodic. 
Dr. Curt Richter of Johns Hopkins observed that 
many uncommon physical disorders follow odd 
periodicities ranging from 48 hours to 17 months. 
There are other illnesses wluse symptoms rise* and 
fall in cycle:? of 7 days or 52 days. Such ailments 
ns swelling of the knee, certain lymph disorders 
and psychoses appear to grow acute in a periodic 
fashion (Ric liter, 19G5) , R ichter has speculated— 
an hypothesis wc are not now capable of confirm- 
ing — that the body’s many metabolisms have par- 
ticular cycles of activity, and that these are gener- 
ally out of phase so that the system as a whole is 
rather constant. But shock, emotional trauma, or 
allergic shock might so jar the system that some of 
these components become synchronized, causing tha 
whole system to wax and wane in phase with 
them — with amplified effects known as illness. Al- 
though this is a very empyrean speculation at the 
moment, it nay prove pertinent, when wo are able 
to tamper seriously with man's sleep cycles, and it 
may suggest some long-tei in links in the etiology of 
sleep disorder and mental disease, for the two are 
commonly associated. 

Th* Circadian Rhythm 

Although biological jvriodi cities may play n 
very large role in our lives, we nro influenced by 
them unaware, and have done little to utilize any 
but the most gross periods for rvir benefit. Most 
people do nc*t realize that their body temperature 
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ies rhythmically about a degree cr two every 
. This circadian temperature rhythm (from 
Latin “circa dies,” meaning about a day) exists 
•r about the third month of life, perhaps in- 
ited from tlm mother’s cycle. With almost 
kliko regularity the body temperature rises and 
s each 24 hours. The highest temperature is 
ly to coincide with a person’s “best hours” of 
:efulness, his favorite time of day, the time 
n he feels most alive and alert. The nadir gen- 
ly occurs in the late hours of sleep. If a person 
pens to be awf.ke during this low-temperature 
od ho may sense a slump in his vitality and 
T feel chilled. The high temperature period is 
iciated with the muscular tension we exhibit 
n awake and the low temperature is associated 
1 the relaxation of our muscles during sleep, 
the cause of the temperature cycle is unknown, 
may result from an interineshing of many 
abolic periodicities. Whatever its origins, the 
ad'an temperature cycle appeal’s to be quite 
I to alter in the normal adult. 

>ne of the most famous attempts to shift from 
1-hour cycle to another schedule took place in 
rmioth Cave, Ivy., in June 1038. Nathaniel 
itman and a student descended into a chamber 
ool and unchanging temperature, where silence 
unbroken, darkness absolute but for electric 
t. There, in a cave usually traversed by tour- 
tl.ey set up living quarters and tried to shriek 
24 -hour day. They were not shooting for ex- 
io changes — just a 21-hour day and a 28*hour 
. It seemed eerier to compress the cycle than 
treteh it. Kleitman, then in his early forties, 
id that ho ada] >ted less easily than the younger 
K When he t> ied to follow the sleep schedule 
l G day week (a 28-hour day) his body stub- 
lly showed Uks temperature cycle of a 7-day 
k. Although r group of explorers reported 
owing a 21- and 27-hour day in the arctic sum- 
, nobody has e ver managed a 30- or 48-hour 
. The 24*hour temperature cycle tends to 
st radical mod flea t ion insofar as wo know 
eitman, 1963). 

i r e know very httlo about the fluctuations in 
y ehenistry that accompany this regular rise 
fnl) of temp mature. The adrenal glands 
luce hormones whose concentration in the urine 
ows (he same ri;« and fall as body temperature, 
ilarly, the concentration of eosinophils in the 
>d mirror the 24-hour cycle: these are a social 
? of white blood cell produced in bone marrow. 



Presumably an nterlocking of many metabolic ele- 
ments is involved. New information on the cir- 
cadian temperature rhythm, diurnal sleep cycle, 
and body chemistry may come from attempts to 
develop a drug t lat lowers man’s body temperature 
and oxygen consumption, putting him into a state 
comparable to s eep. A drug induced hibernation, 
so to speak, mig it entail a drastic alteration in the 
circadian rhythm and lias many possible applica- 
tions if the trick can be performed without injury. 

At present, however, wo have had notably little 
success in expanding or contracting the cycle in 
adult animals. Using environmental change it lias 
been possible to modify cycles in termites, crus- 
taceans, and invertebrates, hardly tantamount to 
altering the cirex dian rhythm in higher mammals, 
but wo are meanwhile learning a good deal about 
rhythms by shift ing the phase of the daily cycle — 
so that the peak and nadir temperatures, while in 
the same relatior to eaeli other, occur at a different 
time than norma ly. 

Man and his :ousin primates are the only ani- 
mals with very ] pronounced diurnal cycles, waking 
by day, sleeping through the night. Macaque and 
rhesus monkey? are typically active for 12-16 
hours, and then apse into a long period of inactiv- 
ity (Rhodes, 19( 4; Weitsman et ah, 1904). In one 
effort to discover the controlling factors in this 
ejelo three in fa it- monkeys were raised in a con- 
stant environment, always dark excepting for 1 
hour of diffuse light each day. The monkeys were 
put on different feeding and light schedules for 
periods j! J-5 weeks. Changes in feeding time 
did not affect t 10 monkeys, but when the daily 
hour of light was shifted, the animals would 
slowly show an activity cycle that stabilized 
around the time of the light. Light seemed to 
have a greater i npaet on their daily fluctuations 
than did food (Lindsley etnh, 1962). 

Light evidently affects the nervous system and 
physiological function in profound ways that wo 
are just beginnii g to uncover (Lisk et il., 1965). 
In many mamnuls, for instance, light enhances 
pituitary-gonadal functioning. Direct light to 
hypothalamus, shone through implanted tubes, lias 
produced m rat: a continuous estrouslike cycle, 
with a rise in ovarian weight and pituitary weight. 
In ducks, other studies have shown that u.rcct 
light to certain brain regions stimulated the go- 
nads. Thus, light itself affects the central nerv- 
ous system so as to influence steroid production, 
thereby influencing reprod action. Not all of the 
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physiologically influential light need be coming 
through the eyes. Sunlight, it has been shown, 
can penetrate the hypothalamus of sheep, clog, rab- 
bit, and rat, perhaps in this way affecting the 
periods known as breeding seasons. 

Cycles and Medicine 

Despite the existence, of night people and the 
fact that we have no clear undei*standing of the 
role of light in our diurnal rhythm, it is possible 
that light affects our nervous systems in such n 
way as to orient our circadian rhythm — acting as 
an entraining agent. Because it has this effect 
upon lower animals, experimentalists have used 
illumination schedules to stabilize the circadian 
rhythm in studies that may have vast implications 
for human welfare. Our temperature cycles and 
subcycles may exert a powerful influence on onr 
behavior, attention a s, ability to work, re- 
sponse to illness, even our capacity to survive. 
Hospital personnel, for instance, make the casual 
observation that the predawn hours are often the 
fatal ones for critically ill people. They are a 
t ime of many coronaries. Is there a correlation be- 
tween events in the temperature cycle of patients 
and their time of death (Snyder et ah, 1961) ? If 
the low tempera lure period coincides with the time 
of symptom intensity and crisis, one might expect 
the people who work all night to show a crisistend- 
ency that falls at quite different horn's than peo- 
ple who work by day. Animal experiments sug- 
gesUhat there are regular low activity periods and 
these may indeed be intervals of physiological 
vulnerability. 

Experiments on rats have indicated that the 
animals are particularly vulnerable to the botuli- 
nns bacillus during their inactive periods, so dif- 
ferenti ally sensitive that the time of injection may 
determine whether there is acute illness, like that 
of food poisoning, or death. The daily rhylh* 
mieity appears to pervade t ho metabolic system, 
and animal studies have shown up differential re 
sponsivity to temperature, ultraviolet, light, ami 
drugs. Within the laboratory an artificial light- 
ing regiinen can help to stabilize the phase orienta- 
tion of the animals 1 temperature cycle?. When 
maintained on light for the 12 hour period be- 
tween 7 a.m. and 7 p.m., and dark the remaining 
hours, two strains of mice showed particular vul- 
nerability to X-radiation when the desage was 
administered at midnight, 19 hours after the be- 
ginning of the light cycle. The survival of mice 
after high-intensity irradiation was, in f. series of 



studies, demonstrably responsive to the different 
phase points on the daily temperature cytde. The 
effect of X-radiation during the animal’s subjec- 
tive night was far worse than during subjective 
day. After radiation all the mice became very- 
sick, but those irradiated at 9 a.m. eventually re- 
covered, whereas those irradiated at 9 p.m. did not 
recover. Those irradiated between midnight and 
I a.m. were maximally vulnerable. At high, al- 
most lethal dosages, the animals had some chance 
of surviving X-radiation if it occurred during cer- 
tain phases of their circadian cycle, but their 
chances diminished at other points on the cycle, 
and they were doomed if it occurred at their inter- 
val of greatest sensitivity (Tizzarello et al., 1961). 

Judging from animal studies, and from the very' 
fabric of the language in which man describes sub- 
jective waxing and waning of strength, it would 
seem that the circadian temperature cycle holds 
many implications for understanding behavior 
and illness, and for the timing of treatments. If, 
indeed, most patients are highly vulnerable dur- 
ing the dawn and early morning hours, some 
changes in hospital schedules might be warranted. 
During the pak year a reported discussion among 
medical doctors suggested that surgery should not 
bo scheduled too early in (he morning if possible 
and that the traditional hospital regimen may dis- 
turb patients too early. At this point there are 
no organized data on the relative merits of timing 
hospital procedures or clinic treatments differ- 
ently, and until recently there has been no reason- 
able way of obtaining continuous body -tempera- 
ture readings from acutely ill patients without 
disturbing them. Procedures for using very small 
thermistors are being developed in several places, 
among them the Down slate Medical Center in 
New York. Statistical information about the in- 
fluence of mans temperature cycle may generate 
means of gauging an individuals inner timing, 
periods of strength and weakness, and may’ also 
help tp to understand t ho effect of tins daily cycle 
upon the performance o* people at work, upon 
emotional fluctuations, and the ability to with- 
stand stress. The temperature cycle may also 
hold useful clues to the timing of symptoms in 
disease and mental disorder. 

Cycle* and Work Schedules 

At present, the working world abides by a clock 
into which individuals must fit as best they can. 
Although it may be of considerable practical conse- 
quence to us we know very little about the inter- 



action of the circadian temperature rhythm with 
the externa] schedule. Researches inspired by dif- 
ferent aims suggest that temperature cycles may 
offer valuable guidelines by which people could 
perform at their best aud avoid performing at 
their worst if they scheduled their most demand- 
ing work for periods of higher temperature and 
avoided commitments during the interval of their 
nadir (Loveland and Williams; Williams, Lubin, 
and Goodnow; Wilkinson, in press; Alluisi, ct a].; 
Murray, et a]., 1958). In t lie course of u somewhat 
repetitive daily schedule, people do undoubtedly 
orient themselves more-or-less according to their 
cycle. However, rapid communications, jet travel, 
and require] neats for round-the-clock productivity 
are- becoming more common, are disrating the 
regularity of the work schedule, and demanding 
greater flexibility of many people. Surely, space 
travel will impose ronnd-the-clock demands upon 
the first venturers, and in looking forward to these 
a number of studies have been made on men who 
performed various kinds of tasks in enclosed cham- 
bers. Dr. E. A. Alluisi and his associates have 
shown that a maids efficiency can be diminished 
during a decline of temperature if the situation 
forces him to handle an appreciable increment in 
in formation. 

In a series of studies sponsored by the Air 
Force, different work- rest schedules have been 
tried out on selected volunteers for periods of 10 
days to a month (Ray, et ah, 19G1). What are the 
merits of working for 4 hours and then resting for 
2 hours? What ratio of work and rest permits a 
man to he most productive over a period of time? 
Such questions are difficult to answer and may 
depend in part upon the nature of the job. In one 
study a group of highly motivated cadets was 
cooped up in a smalt crew compartment for )5 days, 
witli taxing jobs to do, such as picking out radar 
“target* 5 signals from a noisy screen. The social 
attribute of these tasks was that they were entirely 
dependent upon (he individual whereas other simi- 
tar confinement studies placed emphasis upon 
group cooperation (Passey, et a),, 19G4). As the 
experimenters varied the task requirements and 
schedules of work and sle op, they observed that a 
highly motivated young cadet could work a 
lG-honr day (on duty for 4 hours and off duty for 
2 hours) more easily than a lighter day (of 4 
hours duty and 4 hours rest ) , but only under some 
conditions. Study, for the purposes of a sensitive 
and costly mission like a space flight, the best 
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schedule ought to enable a man to remain very 
steady in his performance and not render him 
unduly vulnerable to stresses such as sleep loss. 
Alluisi and his coworkers have found that a short 
period of sleep loss seems to reveal tho practicality 
or performance endurance of work-rest schedules. 
By using a 48-hour period of sleep deprivation, 
they have found that performance is far more un- 
even on a 4-2 schedule than on a schedule of 4-hour 
duty and 4-honr rest. The stress of sleep loss has 
been used as a means of distinguishing between 
schedules. 

Some scientific questions raised by the prospect 
of space flight should lead to research which, in 
turn, should reveal more information about the 
nature of our circadian cycle and its influence in 
our lives, information that would be of immense 
pract ical value. We do not now know’ what would 
happen to an individual if he were placed in a 
timeless, unchanging environment, a place of no 
clocks, no mealtimes, no schedule, and no change 
in light. Would his diunul cycle begin to frag- 
ment? Would he sler> in short intervals like a 
young baby? IIow would his health and work 
capacity be affected ? We do not know how much 
the biological clocks inside are meshed with an 
external environment. These questions are inti- 
mately linked with man’s patterns of sleep and 
with the possible means and consequences of 
changing Jeep patterns (McKenzie, et al., I960). 

A number of scientists have speculated that 
sleep — as we indulge in it— may be a habit and 
that the circadian temperature rhythm, with the 
many metabolic systems implied, could be altered 
by training in infancy. A lifelong habit, like 
sleeping 8 hours each night, has a profound physi- 
cal meaning, for it becot ?s imbedded in the orga- 
nization of the central nervous system, in the bio- 
chemical timing of the body, and Mie word “habit” 
should not imply that this is a pattern that can 
be changed easily, if at all. However profound 
its effects, there is s 4 » 11 evidence that training plays 
a greater role in human behavior than it does in 
lower animals. There are now studies underway, 
of humans and of animals, that may elucidate the 
role of habit in our sleep patterns and circadian 
rhythm. 

An initial survey of some GOO people was under- 
taken by tho Gainesville, Fla., laboratory directed 
by Dr. Wilse B. Webb. Intensive questionnaires 
were issued to men, women, and children of dif* 
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ferent ages in the hope of amassing some gross 
statistics about the role of train irg, such as the 
possibility that family sleep patterns are consistent 
among family members. Do early-rising patents 
train their children to be early risers throughout 
life? Another approach being considered in sev- 
eral laboratories is that of forcing unusual sleep 
and waking schedules upon infant animals. If 
early training were a large factor, it might be pos- 
sible to alter the circadian rhythm in animals and, 
perhaps, man. This might be convenient for man 
in the coming decades as artificial light, rapid 
travel, and unusual tasks alter the routine that 
was once bounded by natural day and night. 

Light and darkness, distance and rtme have con- 
verged for modem man, and especially today indi- 
viduals could benefit from a greater sensitivity to 
their own daily rhythms and an understanding of 
their relation to performance. Nobody doubts 
that there is really a difference between the early 
r'ser, the so-called lark, and the night owl stereo- 
type. Yet, recognizing the great range in sleep- 
waking preferences, we still fail to concede that 
they are of much importance. The rigidity or 
flexibility of a person’s sleep habits may bo a re- 
sult of early training* for instance, and informa- 
tion on this point alone could bo valuable in rear- 
ing future generations. However, unless a person 
is stricken with an illness like encephalitis, his cir- 
eudian rhythm remains, and his body temperature 
will rise and fall on a 24-hour schedule. It is not 
even easy to shift the phase of this cycle very 
rt.pidly, a i as ; s for the complaints of some trav- 
elers. These days it is not uncommon for a busi- 
ness executive to leave his office shortly before 
noon, for instance, and fly as far from Ncvr York 



to Honolulu to direct an after-dinner meeting. 
As he speaks at what is 8 p.m. for the Hawaiians, 
it is 1 a.m. New York time, and oy the time the 
question period is over his weaiy body decrees that 
it is 3 a.m., however early the clocks read in Hono- 
lulu. Individuals react very differently to a life 
in which such time-shifts are frequent, and there 
is no saying what impact such a schedule may 
have upon their health and performance. 

For many practical purposes — medicine, indus- 
try, and perhaps particularly preventive medi- 
cine — a further investigation of the circadian 
rhythm and its relationship with the environ- 
ment will bo extremely useful. Further explora- 
tions should reveal something about the nature 
of the subcycles that are reflected in small fluctua- 
tions in body temperature, and perhaps determine 
the fluctuations that people report in their abilities 
to concentrate, the waxing and waning of atten- 
tion, fluctuations of about 90-120 minutes that ap- 
pear to take place throughout the day and night. 

One cannot say that the circadian rhythm is 
the reason that man sleeps for long periods, usually 
at night, or that it is totally inelastic, but there 
is strong evidence that it is related to our patterns 
of sleep and that it is composed of subcycles. The 
study of biological rhythms in man promises to 
yield information of practical and medical value, 
perhaps enabling clinicians to utilize optimum 
timing as part of treatment. If subcycles of the 
daily rhythm influence our waxing and waning of 
wokirg attention and mood, we may learn how 
they bear on waking activity through the study 
of sleep — for a night of sleep itself consists of 
recurrent cycles of brain activity and physiological 
change. 
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The day gan fallen and the derke night 
That revetk beaten from hir besinesse , 
Berefte me my book for lakke of light , 

And to my bede I gan me for to dresse . . . 

Chaucer 



Chapter II. A Night of Sleep 



Each night at an accustomed time people begin 
to set the stage for sleep with small rituals (hat 
lead to bed and darkness. A dusk of consciousness 
will fall like a curtain on the day and soon, from 
outside, the body will seem still but for a shallow 
and even breathing. A twisting, a groan, flutter- 
ing of eyelids and perhaps mufllcd sounds may 
occasionally break the stillness, but for 7 or 8 
hours the person seems to have departed, gone 
from the world into a silent internal communion 
from which ho will rise like an amnesic. The 
forget ling, the sense of oblivion is so nearly com- 
plete that it is surprising how easily people accept 
this suspension from life, relinquishing themselves 
each night with little anxiety. Primitive people, 
understandably enough, often looked upon {deep 
as a temporary death, and remnants of (heir un- 
certainty and fear can be found in religious litur- 
gies; one example is an Orthodox Jewish morning 
prayer, thanking the Lord for the return of the 
soul and therefore life. Although the sleeper is 
clearly animate, his prolonged stillness scarcely 
conveys to an observer any sense of the tides 
within. 

Sleep, as we now know it, is not a state of uncon* 
seiousness, an oblivion punctuated by occasional 
dreams. It is not, indeed, a unitary stale of being, 
but a progression of rhythmic cycles representing 
different phases of neural function. By watching 
a person sleep, the observer cannot see that the 
sleeper is rising and falling on the waves of a 
recurrent tide. Xor can he observe that the sleeper 
regularly enters long intervals so different from 
the rest of sleep that some scientists have called 
it another state— a state of frenzied internal activ- 
ity, resembling in rrany ways alert wakefulness. 
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The bedside observer cannot easily detect the signs 
of shifts within, for the place to watch a night of 
sleep is not in the bedroom — but in the recordings 
of laboratory polygraphs, the electroenceph- 
alograph, the cardiogram, myograph, and 
thermometer. 

The Electroencephalograph 

The progression of cycles that make up a night’s 
sleep have been pieced together by numerous ob- 
servers through nightlong vigils in sleep labora- 
tories. There are perhaps 2 dozen sleep labora- 
tories in the United States, in university buildings 
and hospitals. They vary somewhat in size and 
newness, and complexity of equipment, but labora- 
tories designed for the study of human sleep 
basically resemble each other. In the control room 
the visitor will notice the fundamental polygraph 
instruments, consolidated in the big amplifier sys- 
tem, the electroencephalograph machine, a device 
through which researchers can watch brain activ- 
ity. Small conductive electrodes, bits of metal 
pasted onto the scalp, or in some cases, needles 
implanted in the brain, transmit the natural beat 
of a brain region through changes of electric 
potential. Tlio electroencephalograph (EEG) 
amplifies these shifts in potential, transmitting 
thorn to magnetic tape, or driving a row of ink 
pens on (ho deskliko panel of (he machine. Each 
pen, driven by a signal from a part of (ho brain, 
moves lip when the electric charge is negative 
and down when the charge becomes positive. As 
a continuous sheet of graph paper moves forward 
on a roller, at a constant speed, under the oscillat- 
ing pens, the up-and-down pen movements are 
traced out ns waves— brain waves. Their ampli- 
tude indicates the ever shifting amount of voltage 
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generated in a brain region, and their shape can 
indicate the speed of the electrical changes within. 
Thus, a glance at the inked record will tell whether 
the potentials in the brain are shifting in a regular, 
synchronous fashion, with slow, large voltage 
changes, or whether the changes are fast and irreg- 
ular, desynchronized. 

Although some body functions can be detected 
by simply looking at a person, precise and reliable 
measures of blood pressure, pulse, respiration, 
muscle tone, temperature require sensing devices 
that can produce signals to be amplified and re- 
corded in the manner of brain waves. In order to 
minimize interference with sleep, researchers now 
use some of the miniature instruments developed 
for space exploration. For example, a thermistor 
no bigger than a pin can be used to detect body 
temperature continuously. This kind of equip- 
ment enables simultaneous recordings of heart rate 
and temperature fluctuations on the same record as 
the KEG, showing how changes in brain wave 
patterns are related to changing body functions. 

The Sleep Laboratory 

On any evening, when most people have settled 
down te an after-dinner entertainment or are pre- 
paring for bed, the sleep scientist has begun to 
check out his equipment. Inkwells are filled, pens 
cleaned, wire leads tested for insulation and pos- 
sible breaks, and a thousand-foot sheet of folded 
KEG paper inserted between the rollers, reels of 
magnetic tape set in place. Continual adjustments, 
requiring some manual and electronic dexterity, 
are essential to reliable data collection, and beforo 
the arrival of a sleep subject, (lie control room re- 
sembles the cockpit of a plane during the instru- 
merit check for takeoff. 

The aura of the sleep lalwratory is similar, 
wliel her it is 10-below-zero on the snowlxmnd 
University of Chicago campus where a solitary row 
of lights mark the brownstone containing the lab- 
oratory, nr a balmy California night outside the 
vast and silent new hospital at UCLA. The sleep 
researcher collects his data largely during these 
lonely hours, a strenuous pursuit, sometimes re- 
quiring vigils for many consecutive nights, weeks, 
or even months. It is an endeavor requiring phys- 
ical and mental endurance, one that places a strain 
on all jKTSonal or social activity, for it may be nec- 
essary to monitor the sleep of othfrs on many 
consecutive nights while fulfilling administrative 
and academic duties and analyzing the data by 
day. 
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Our current picture of a night’s sleep is a com- 
posite of thousands of nights anc thousands of 
volunteers, most of them young men in their twen- 
ties, generally students or professionals. Very 
often, they are paid a small sum to sleep in the lab- 
oratory and abide by the rules of the study — which 
may prohibit napping, drinking coffee or alcohol, 
and taking drugs. Typically, the young volunteer 
will arrive before 10 p.m., change into pajamas, 
and fie at himself in some corner of the laboratory 
to be decorated for the night. 

Often, in the strong odor of acetone and collo- 
dion, used to fasten electrodes to the skin, the ex- 
perimenter will conduct a quiet and soothing con- 
versation as he carefully affixes the electrodes to 
the top of the head, at the temples, near the eyes. 
Each electrode disc has a brightly colored lead, 
following a color code, and the many-colored wires 
are often drawn through a ring at the top of the 
head like a pigtail. When the preparation is se- 
curely finished, the volunteer will go to bed in one 
of the quiet bedrooms adjacent to the control room. 
The room is ordinary enough, except for a jack- 
board at (lie head of the bed, and an intercom sys- 
tem. The wires from the volunteer's head are 
plugged into the jack-board, and he settles down. 
The lights go out. The bed is comfortable, and 
the volunteer can move freely, although he cannot 
get up and walk around ordinarily without being 
unplugged. If he wants anything, however, he 
can tell the experimenter through the intercom 
system. 

The room is private, the volunteer is comforta- 
ble, the technical details of the study well in hand, 
and one might expect that data collection would be 
quite routine. In all human studies, however, 
there is an emotional component, and the some- 
what predictable, somewhat elusive interplay of 
feelings adds a heavy burden to the sleep study. 
Even a v, ell-balanced medical student may have a 
hard tin o falling asleep in bis private bedroom 
although accustomed to being in laboratories; the 
gentlemen lieyond the door are monitoring his 
brain waves, and although lie knows that EEC? 
patterns do not invade mental privacy in the sense 
that they cannot reveal thought or dream content, 
the laboratory situation is strange. 

‘ Th# Laboratory Eft'oct" 

On their firs* night subjects often do not exhibit 
the sleep patterns that seem characteristic of them 
on later nights. A night or two of adjustment 
may be necessary, in full headdress. Sometimes 
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as many as five or more consecutive nights will be 
necessary to obtain the baseline — the usual pattern 
of the individual's sleep — before the experimenter 
collects a sole night of data (Dement, Greenberg, 
and Klein, 1965). However trivial the bias may 
be in a particular study, and no matter what pre- 
cautions have been taken, the so-called “laboratory 
effect’ ’ resides within all the generalizations being 
drawn from human studies — as illustrated by the 
fact that among hundreds of young men in the 
laboratories, nightmares and wet dreams have 
been extremely rare. Thus, in speaking of the 
typical night of sleep as we now see it, we must 
bear in mind some modifications for it is a com- 
posite of nights spent in alaboiatovy. 

Drowsiness 

Usually, about 11 p.m., the acclimated volunteer 
will be relaxed. His body temperature is declin- 
ing. His eyes are closed, and he is no longer mov- 
ing. On the graph paper in the control room the 
jumble of rapid, irregular brain waves is begin* 
ning to fonu a new pattern, a regular rhythm 
known as the alpha rhythm. This pattern of 
9-12 cycles a second indicates relaxed wakefulness. 
Subjectively, it is a serene and pleasant state, de- 
void of deliberate thought, into which images may 
float. A moment of tension or attempt to solve 
a mental proble will disrupt it (Kamiya, 1962). 

With further relaxation the alpha waves grow 
smaller, decreasing in amplitude. As alpha 
rhythm diminishes, a person’s time perception 
seems to deteriorate, and two rapid flashes of light 
may seem to blend info one (Anliker, 1963). As 
his alpha rhythm diminishes, the young volunteer 
hovers on the borders of drowsiness and sleep, per- 
haps seeing images, experiencing d r e a in like 
thoughts or fragments (Foulkes and Vogel). 

Stage 1 

Another pattern begins to emerge on the KEG 
paper. This new script is smaller, indicating lower 
voltages. It is uneven, desynchronized, and it 
changes swiftly. At this point one may experience 
u floating sensation, drifting with id tv images r s 
the alpha rhythm gives way to the low voltage, fast 
inegular rhythm of the first stage of sleep. 
(Kamiya. 1961 ; Foulkes and Vogel). The volun- 
teer, in this phase, can be easily awakened by a 
noise or spoken word. His body muscles are re- 
laxing. Respiration is growing more even and 
heart rate is becoming slower (Snyder, i960). If 
awakened at this point a person may assert that 
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he was not really asleep. This phase of conscious- 
ness is like a port of entry, a borderland, and lasts 
only a few minutes. Soon the had :ground rhythm 
of the EEG grows slower. 

Stage 2 

The script grows larger and the pens trace out 
quick bursts known as spindles, rapid crescendos 
and decrescendos of waves. The eyes of the young 
volunteer may appear to be slowly rolling. He is 
quite soundly asleep, yet it is not hard to awaken 
him. By now there has been a fundamental change 
in Ids brain function. One aspect of this change is 
suggested by a study i a which volunteers slept with 
their eyes half open ; illuminated objects were sus- 
pended before their eyes. On the whole they were 
nou awakened by the light, nor did they remember 
seeing anything, but when awakened by a voice a 
few seconds later they often insisted they had been 
wide awake and thinking thoughts that, as nar 
rated, had a vague ond dreamlike quality (Foulkes 
and Vogel; Reclitsehaffen and Foulkes). If 
awakened at this point a person might feel he bad 
been thinking or indulging in reverie. I>eft un- 
disturbed, however, ho will soon descend into 
another level of sleep. 

Stage 3 

The spindle bursts and somewhat irregular brain 
wave ryhthm begins to be interspersed with large 
slow waves. These occur at about one a second, 
and are high in amplitude. The electrical input 
may run as high as 300 microvolts in stage 3, as 
compared with the GO microvolts of t lie waking 
alpha rhythm. Xow it will fake a louder noise 
to awaken the sleeping person or animal, perhaps 
u repetition of his name. Ilis muscles are very 
relaxed. He breathes evenly, and bis heart rate 
coni limes to slow down. Ilis blood pressure is 
falling, and his tem]x v rature continues to decline. 
Innocuous sensory events are making almost no 
impression on the awareness of the sleeper, and 
were lie among t lie )>cople who do sleep with their 
eyes half o|x*n f he would not Ik* seeing anything 
(Fuchs and Wo, 1948). 

Stage 4 

This stage might be called a most oblivious 
sleep. The muscles are very relaxed, and the per- 
son rarely moves (Jacobson et ah, 1904). It is 
hard to awaken him with the low noise or buzzer 
that would have aroused him earlier. His 
heart rate and temperature are still declining, and 
his respiration is slow and even. Waken the vol* 
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unteer now with a loud noise or by calling his 
name and he may come into focus slowly, and may 
feel that lie was not experiencing any mental ac- 
tivity ( R echt sell afTen et ah, 19G2, 1963; Kales ct 
ah, 1963). The EE G pens scratch out a contin- 
uous train of slow, high amplitude waves. The 
slt?T>er is utterly removed from the world, al- 
though his brain wave responses would indicate 
that every sound and the lightest touch are re- 
ceived in his brain. Indeed, during this synchro- 
nous, slow- wave sleep the brain shows a very’ large 
response to outside stimuli such as sounds, but the 
brain systems that make this stimulation into con- 
scious sensation appear not to bo working in their 
usual way (Allison, 1965; Hernandez-Peon, 1963; 
Rosner et ah, 1963; Williams et ah, 1962, 1964; 
We it zm an and Kremen, 1965). This may account 
for the eerie apparition, the somnambulist, who 
will rise from bed in this stage of sleep, negotiate 
a room full of furniture, look straight at people 
with eyes open, yet appear not to perceive them, 
and return to boa, usually recalling nothing of the 
interlude when awakened (Jacobson et ah, 1965). 
Stage 4 appears to be one of the times when 
children commonl } 7 wet their bed?, a timo when a 
person is, by some criteria, most deeply asleep 
(Pierce et ah, 1961, 1963; Scot t, 1964). Although 
people can bo trained to discriminate between 
sounds, to hear spoken word?, to press a button 
during another stage of sleep, their performance 
during stage 4 is not nearly so frequent (Gran da 
r.nd Hammack, 1961; Mandell et ah, 1965; Wil- 
liams et ah, 1963). 

A normal person will spend a considerable por- 
tion of the night in this stage, especially if he 
has lost sleep (Agnew et ah, 1961). If annoyed 
from outside, he will tend to drift- into a lighter 
phase of sleep, but if annoyances prevent him 
from spending a certain portion of his night in 
stage- 4, on subsequent nights ho will make it up 
by spending substantially more time in stage 4. 
Although he seems hard to awaken from this 
phase, paradoxically lie may, bo even harder to 
awaken from t lie fit st stage of sleep- i (he happens 
to lx- in the throes of dreaming. 

Slag© 1 REM 

About an hour or so after falling asleep, the 
sleeper may begin to drift back up into the lighter 
phases of sleep (Dement and Kleilman, 1957). 
Roughly 90 minutes have passed, and the vol- 
unteer's sleep has resumed the pattern of stage 
2. Now, suddenly, the pens of the KEG lx>gin 
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to jabber, scratching out wild oscillations. He has 
turned over in bed, and moved. tVs the oscilla- 
tions die away the brain w'avo record shows an 
irregular low-voltage, rapidly changing script like 
that of stage 1 . Now two pens that are activated 
by movements of the eyes make rapid darts, as 
if the eyes had turned to look at something. In- 
termittently the pens continue. The eyes move as 
if following a film (Aserinsky and Kleitman, 
1955; Dement and Kleitman, 1957 ; Roffwarget ah, 
1962). These rapid eye movements, known as 
REMs, signal a phase of vivid dreaming, a most 
unique state of consciousness (Dement, 1965). In 
this phase, it will take a relatively huge amount of 
noise to awaken a person — yet a very slight noise, 
with significance, may quickly alert him (Good- 
enough, 1963). 

Sound a click in the sleeper's ear, and his brain 
wave response will not resemble that of stage 4 — 
but shows a great resemblance to the response 
during waking. Although it may be bard to 
awaken a person at this time, in many ways his 
brain activity paradoxically resembles waking, 
and REM sleep is often called paradoxical sleep. 
It is believed by some investigators to bo a unique 
state, totally different from the rest of sleep, and 
subserved by different brain mechanisms. 

The entire body shows pronounced changes now* 
(Snyder, I960, 1962, 19G4, 19G5). Gone is the 
even breath and pulse. The organs that show the 
most striking changes in sleep are those indicat- 
ing fright or anger, Everyone is familiar witli 
tho blanched skin, wide eye?, rapid heart beat 
and knotted stomach of fright. These changes 
am controlled by the closely related nerves of the 
autonomic nervous system, which regulates tho 
organs of tho chest and viscera, changes in the 
skin and 0305 , w ith tho help of hormones secreted 
by tho adrenal glands. Die autonomic system 
modifies its organic domain in unison, and \z tuned 
in to tho emotional stato of the creature. During 
s.ow wave sleep tho heart rate, respiration, and 
blood pressure fall to their lowest levels of tho 
day, falling at sleep onset and continuing to drop 
until about an hour before awakening. During 
REM sleep, however, tho heart rate, blood pres- 
sure, and respiration become exceedingly variable, 
sometimes fluctuating wildly. Usually there is a 
long interval of REM sleep during tho latter part 
of the night, the time when a person's tenqx'iature 
has fallen to its nadir. During the REM period in 
the early hours of morning tho activity of tho an- 



tonomic system often becomes most intense, in- 
ducing what have been called “autonomic storms,” 
which may account for the statistically frequent 
occurrence of heart attacks at this time, and fur- 
ther study of this period may make it possible 
to anticipate and prevent such coronaries. 

Many of the physical changes that attend the 
REM state can be observed from watching the 
sleeper. At the onset the muscles of the head and 
chin will relax completely (Berger, 1001; Jouvet, 
1903; Jacobson et al., 1004; Dement, 1065). 
Tli is is so regular that the loss of tonus in the 
musclo under the chin can serve to activate an 
alarm, signalling the onset of REM sleep. Most 
teeth -grinding occurs at this time (Reding et ah, 
19G4). From infancy through adulthood, the 
REM period is attended by penile elections in 
males (Fisher et ah, 19G5). Rapid, jerky move* 
ments of the eyes can be seen, even in many blind 
people (Berger et al., 19G2; Gross et ah, 19G5). 

Most striking of all, however, is the now sub- 
stantial evidence that this is a period of vivid 
dreaming for all humankind, and the suggestion 
that it is a period of consciousness in which mon- 
keys and perhaps other animals experience vivid 
imagery. Awakened during REM sleep, a per- 
son will almost inevitably report mentation that 
differs from waking thought, dramatic, and often 
bizarre — gener.iMy recognized as a dream (De- 
men’ and many others). Yet, if ho is awakened 
a few minutes after the rapid eye movements 
cease, when lie has lapsed into another phase of 
sleep, the dream will have evapui.ited. The av- 
erage individual spends a total of about 5 years 
of his life in such vivid dreaming, hut for the most 
part ho is amnesic, remembering very little. 

The discovery of the REM phase of sleep and 
subsequent findings about the body and brain dur- 
ing tbis state have raised many fundamental 
questions about tbo organization and f met ion of 
the ceniial neivons system, and has stimulated a 
rapidly growing body of research which will be 
explored at greater length in later sections of this 
paper. 

Tt has been said that the average adult dreams 
about ever’ 00 minutes, and that the full cycle of 
sleep stages spans an interval of 00*120 minutes, 
corresponding to a subcycle within the circadian 
temperature rhythm. 

This generalization is somewhat misleading, al- 
though it has been widely propagated in the press, 
for dreaming, dreamlike experiences, fragments, 
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images, mentation occur in all phases of sleep, 
although recall varies. Sleep is a succession of 
repeated cycles. Nevertheless, one's progression 
through a night does not resemble the passage of 
a train on a circular track, arriving at different 
stations at a predictable time. People of about the 
same age do not follow such a rigid timetable of 
sleep, and all humanity does not rise and fall on 
the waves of a single tide. 

The Whole Night 

A reexamination of the nightly EEG patterns 
of sleep has been conducted recently with 1C medi- 
cal students, each of whom spent four nights in 
the laboratory. Only two uniform patterns 
emerged. The entire group showed a greater 
incidence of REM periods during the last third 
of the night, and the slow- wave sleep of stage 4 
predominated during the first third of the night. 
Not only was there no consistent time schedule 
of sleep stages for the group — but individuals 
showed slightly dilTerent patterns on different 
nights. Excepting for their REM periods they 
did not spend move than 10 minutes at a time in 
any EEG phase, and throughout the night stage 
2 with its spindles occurred evenly, like a transi- 
tion period, a bridge (Williams, Agnew, and 
Webb, 1904). Kvi Vncc from a number of studies 
suggests that each m us has a characteristic sleep 
pattern, an EEG script that is identifiable and 
individual, although we vary somewhat from 
night to night. So far no rules have been found 
ftr ^escribing the succession of EEG phases that 
ni. n topic will pass through in a night’s sleep, but 
mo i o .sophisticated analyses may indeed reveal an 
inherent order in the sequence of cycles (Zung et 
al., 19G5; Hainmack ct ah, 1061). 

However much people differ in detail, normal 
people show roughly the same overall pattern. 
They sleep for a leng interval once in 24 hours, 
at the time of their lowest body temperature. 
They spend roughly the same proportion of the 
night in REM sic ep and stage 4, distributing them 
over the night in roughly the same manner. 

Marked deviations from this pattern are often 
signs of serious disorder. Encephalitis is an ex- 
treme instance, and its sufferers may suddenly 
find tiieir daily teni]>eraturo cycle inverted; they 
will sleep by day and remain awake at night. Or 
they may sleep for wc^ks after enduring periods 
of exhausting insomnia. Among some encephali- 
tis salients, unusual EEGs have been noticed in 
sleep, such as extraordinarily slow spindles. 
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Epileptics commonly have seizures during certain 
phases of sleep, and Drs. C. Markham ami R. 
Walter at UCLA have observed bizarre EEG sleep 
patterns in some patients who alternated between 
stages 1 and 2 and never exhibited the patterns 
of deeper sleep. A characteristic abnormality of 
many narcoleptics is that REM activity begins at 
the onset, of sleep instead cf an hour or so later; 
while a tendency of some psychotic patients is to 
have delayed and reduced REM sleep. These 
deviations all speak of different disorders in the 
central nervous system, some of them perhaps of 
a metabolic nature. Normative studies, encom- 
passing individuals of all ages, may make it pos- 
sible to clearly describe the protocols of the night- 
time nervous system — yielding a diagnostic by 
which disorders can be pinpointed. Sleep is a 
convenient time for ctudy, since the body is still 
and (here are few distractions. It is not incongru- 
ous to use sleep EEGs in diagnosing many 
behavioral symptoms, for sleep is not separate 
from waking but seems to be a part of a neuro- 
physiological continuum that ranges from coma to 
the high arousal of fierce rage. 

Analysis of the EEG 

It must be apparent that sleep does not consist of 
four distinct EEG stages, but 'his has been a con- 
venient taxonomy, established in the 19 Sjs and 
lOICTs, when electroencephalography was finding 
diagnostic use. As approximate categories, the 
EEG stages of sleep have been useful, like national 
boundaries, although there appear to be subdi- 
visions within, difficult to define in a visual inter- 
pretation of the record, and beginning to show up 
more clearly as computer techniques are employed 
for analysis. 

There are many problems in visual analysis of 
(he EEG. The massiveness of (lie re onl is one. 
When a volunteer in a sleep laboratory first begins 
to stretch and regain the strength of his relaxed 
muscles after the night, ho has left behind him a 
manuscript that covers almost 2.000 feet of graph 
paper. If he wore only 8 paired elect codes there 
will be 1G lines of script. Exct pt for gros.* body 
movements which visibly slash the scrip with gi- 
gantic spikes, most of the changes are small and 
subtle— taking place continuously, sometimes 
w itfiin seconds. It is rot always easy to determine 
fittfpioncv at a glance, and counting (be. number of 
waves per second is a laborious procedure. If 
many hundreds of nightlong records are needed to 
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depict a normal night of sleep, it seems clear that 
the paper record is too enormous o analyze, 
efficiently. 

A worse problem arises when the scientist must 
eko detailed information from the record. If he 
were comparing the sleep patterns of two individ- 
uals, lie might reasonably ask several questions. 
Is stage Lm one person identical to stage 4 in the 
other? To answer this question be might want to 
compare similarly timed segments from each rec- 
ord. Are they equivalent in t lie coherence and 
stability of the rhythm? Are t hey alike in the 
relationship between brain-wave frequency and 
voltage? These are fairly rudimentary questions, 
but a single example will illustrate how monu- 
mentally difficult it has been to answer them by 
visual techniques. Following a hunch that t lie re- 
lation between frequency and voltage might be an 
important characteristic of certain EEG phases 
of sleep (the number of waves per second as re- 
lated to the amplitude of eacli wave) one scientist 
examined a few minutes of the record visually. 
To do so, it was necessary to make photographic en- 
largements, so big that a relatively few seconds 
of record covered a wall in the laboratory. Only 
then could wave amplitude be measured with any 
accuracy, by ruler. Such a time-consuming 
method would be useless in a normative study, in 
most researches, and rapid diagnostics. Fortu- 
nately, computer technique** have made it possible 
to get such information in a reasonable time. 

During the last 5 years f here have been many 
developments in the analysis of the EEG data, 
using computers, and a gocxl number of these have 
come from the pioneering work of Dr. W. R. Adev 
and his laboratory, not a few deriving from j-pace 
research, and having such unlikely origins as (he 
analysis of missile vibration. These, however, are 
the methods that arc making tin EEG a sensitive 
instrument, capable of divulging vastly more in- 
formation about, the workings of the mind, 
whether waking or asleep. In the future one will 
hear a great deal al>out averaging jortions of (lie 
EEG record, of power spectra analysis, cross -s]>cc- 
trum analyses, phase- amplitude measures, and cal- 
culations of equivalent noise band widths. These 
techniques have already had a noticeable impact 
on the study of sleep (Alley, 10G3). 

In an increasing unrulier of laboratories, EEGs 
may l>o monitored visually, but they arc also re- 
corded on nnilticlianneled magnetic tape. Jiy (be 
proper manipulations the tape can be given to the 



computer, which does the dog- work of counting 
waves per interval, or screening for certain volt- 
age. Each wave on the record has a certain fre- 
quency, and the EEG spectrum consists of the dis- 
tribution of waves among these frequencies. The 
computer can be asked to do the counting, and 
spectral analysis will describe this distribution, 
showing frequency changes that might be im- 
perceptible to the eye. Similarly, by assigning a 
number to each point on the wave, voltages can be 
handled numerically, and related to frequency by 
a digital computer. The emerging figures will de- 
pict the distribution of energy in the physical 
sense, the power spectra. Power shifts have been 
used to map subtle changes in attention and a pro- 
gression of changes from alertness to sleep. Spec- 
tral density analyses have shown the changing dis- 
tribution of energy as an individual shifts from 
alertness to drowsiness and sleep. During wake- 
fulness the energy may be spread among the high 
frequencies- -the fast, waves — arid as drowsiness 
begins there is a gradual increase of energy among 
the low frequency components of the brain waves. 
Kesearohers are using this method to obtain a 
detailed picture of energy changes in the human 
brain during waking performances and different 
phases of sleep, because it is so sensitive to 
changes of attention, this technique shows great 
promise for future use in the diagnosis of the men- 
tally ill. 

Phase analyses describe the relative timing of 
trains of waves, telling which leads and which lags 
behind the other, and by how much. Analysis of 
phase shifts lias proven useful in exploring the 
way the brain changes during learning, and may 
enhance our understanding of (lie memory process 
in all states of consciousness, perhaps revealing 
why memory of sleep is so notably poor (Adcy 
and Walter,* 1003), 

Small EEG segments that look coherent and 
stable to the eye have been shown to contain many 
variations, when analyzed by a plotting of fre* 
quCncy bandwidth against duration. Dr, Adey's 
laboratory lias used this “stability diagram" to 
discriminate between seemingly coherent inter- 
vals, and has shown clear and unambiguous dif- 
ferences between phases of sleep that were once 
thought to be almost identical— and between wake- 
fulness and It EM sleep, whn.-e configurations were 
often confused by early er.ceplialograpliers. 

A vast proportion of our current work on sloe]) 
depends u]>on (lie EEG, but what is an KEG? 
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How 7 can what is happening inside the brain be 
known by recording from its surface? The EEG 
lias been roughly likened to the sound of a run- 
ning motor. One can tell a great deal about a 
motor by its noise, comparing its sounds with per- 
formance. Still without opening it up, it is not 
possible to infer the precise organization or the 
exact contribution of any part by simply listening. 
So with the EEG. The inference that a pattern of 
brain waves taken from the scalp represents a 
rhythm at a site deep within — is a composite from 
many studies. So no of these may correlate be- 
havior with the EEG: they may come from ani- 
mals in whom dee dy implanted electrodes show* 
what happens at a subcortical locus while EEG’s 
are obtained from the seal]). Some come from 
studies of normal and intact people. Others may 
come from patients about to undergo neurosur- 
gery, in whom implanted electrodes and scalp 
electrodes give simultaneous readings during be- 
havior and difTeren t st ates of consciousness (Chap- 
man ct ah, 1062). 

What is being r?corded from the scalp? This 
EEG picture ap]K?ars to be the waxing and 
waning of electrical potentials in cells of the cortex, 
largo numbers of ct 11s. Using microelect rodes that 
penetrate a single < oil, it has been shown that indi- 
vidual neurons t r nisniit in a rhythmic manner in 
discharges of pulses and pauses, and they also 
process information by an independent wave proc- 
ess. Instead of becoming neutral after it fires, 
the cell appears to reverse its polarity, thus oscil- 
lating between negative and positive charge. Its 
timing may bo paced by the electrochemical consti- 
tution of its membrane, and t here arc thought to 
bo several ways in which t he discharge rhythm is 
influenced. It may bo influenced, for instance, by 
its nomieural envelope, the glial cells. These cells 
are thought to ukk nlate the excitability of nerve 
cells by enhancing and reducing (heir electrical 
resistance. Thus, the E EG does not reveal directly 
the action of indiv dual brain cells, but indicates 
shifts of potential among masses of (hem. 

When (ho EEG pattern is regular and synchro- 
nous, masses cf cells are shifting polarity together, 
like a crew of oarsmen rowing together. This 
synchrony is charm (eristic of (he alpha state— 
about 8-12 cycles jxr second (cps), and a number 
of neurophysiologic il studies suggest that the pace- 
maker for this rhythm may lie in the thalamus. 
Synchrony is also ehainct eristic of deep, stage *1, 
sleep, and indeed was once an EEG synonym for 
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deep sleep. The neural metronome for this corti- 
cal synchrony is not known, although it is thought 
to lie deep within the brain. During waking, the 
cortical rhythm is generally desynchronized, and 
animal experimentation has pointed to the reticu- 
lar formation in the brain stem as an important 
promulgator for the signals permitting arousal. 
Oddly enough, however, the irregular, low voltage, 
rapidly changing brain waves that characterize 
waking are seen — in very similar form — during 
sleep. The pons portion of the reticular activating 
system prominent in Avaking has been shown to bo 
important during REM sleep — that curious state 
of outward oblivion in which a person or animal 
is hard to awaken, yet shows cortical rhythms that 
resemble those of Availing. 

The puzzle is just beginning to bo unri veiled. 
What minute changes in the rhythms emanating 
from controlling centers, what shifts of command 
and organization account for these different states 
of consciousness and different EEG patterns? 
-Many scientists have postulated that our states of 
consciousness swing in the balance between that of 
the (1 ominnnt activating system and a hypnogenic 
system, a neural network that produces sleep when 
it is excited. These shifts occur within the core 
of 1 1 10 brain, and emanate to the cortex through 
an enormous mnl complex system of nerve fibers 
that connect the cortex with the deep subcortical 
reaches within. 

In our attempts to sol vo the puzzle of the origins 
of EEG i iat terns, the sources of the lhythms of 
consciousness, avg 1 i a ve relied heavily on animal 
studies, with a few exceptions. However, in the 
course of evolution, mammalian brains have 
changed in structure and distribution of functions. 
Recent studies have underscored the difference be- 
tween lower Mammals and man. One exploration 
suggests that the distribution of sleep phases in 
chimpaii7.ecs and man may be regulated by the 
amygdala, fai forward in the temporal lobes, 
rather than in more basal regions. EEG rhythms, 
not soon in hover animals during sleep, have, been 
spotted from 'lie amygdala of the chimpanzee and 
man ( Adev et ah, 1003 ; Rhodes et ah, ]%-*>). 

IF uman studies fire therefore, important, and 
foi l in i airly modern techniques have made brain 
probes increasingly safe and productive of rele- 
vant information. Many clues to the local it'.si- 
dence of certain EEG configurations have come 
from studies of pathological symptoms, ami from 
autopsy. Rccauso of its variety of strange effects 
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upon sleeping and waking pat terms, encephalitis 
has stimulated considerable research, most notably 
perhaps, after the epidemic that raged through 
Europe afte; World War I. Today, however, 
clinical studies of patients are likely to bo coordi- 
nated with liboratory experiments upon animals, 
and a variety of techniques are focused upon the 
same phenomenon. In this fashion, the behavior, 
the bruin waves, and the possible brain centers for 
activity are slowly matched with surface re- 
cordings. 

The process of inference and cross-correlating 
of many kinds of data is methodical and slow, but 
the results have an almost magical quality, for like 
reading the Bible from the head of a pin, a re- 
searcher can look at a few squiggles, lasting no 
more than 5 thousandths of a second, and see how a 
signal travels through different brain areas and 
something about how the brain is processing it. 
Whenever a sensory signal occurs, a light, sound, 
touch, etc., the brain reach., and its response ap- 
pears in a transient, visually indistinct pattern on 
the EEG. However, if the signal is repeated and 
the 10 EG response patterns are superimposed upon 
one another and averaged, random variationsin the 
EEG pattern known as^nase* will fall away, leav- 
ing a dear picture. This averaging technique has 
permitted us to penetrate the sleeping brain 
through surface electrodes, because the latency, 
duration, amplitude, and direction of the EEG re- 
sponse can be measured and will yield information 
nlwnit the state of the bran they were taken from. 

This technique has been used by Dr. Burton S. 
Rosner and his colleagues on normal volunteers 
(Rosner et ah, 19G3; Goff et ah, I9G2). A signal 
was repeated in waking, arid throughout the stages 
of sleep, add tig to data from other laboratories, 
and further elucidating the functional dillorcnces 
lhat seem to ypif\ our many states of conscious- 
ness. Many people have shown that the brain 
emits a smaTcr response to incoming sensory 
stimuli during waking and dreaming V, ;i during 
deep sleep. Yet 1 1 le deeply sleeping person does 
not seem to be disturbed by Ins breath on the pil- 
low, sounds, or touches, despite the fact that his 
brain shows a large response. Perhaps bis oblivi- 
ousness can be explained, for sensory stimuli must 
be integrated and processed within the brain be- 
fore they become felt. They may be received but 
not felt, unless they are integrated. If a brain 
wave response is divided for the analysis of its 
parts it seems that the sensory reception occurs 
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first, but there is an ensuing pattern that is thought 
to represent activity at a higher station in the 
brain. This comes very late m deep s’eep, and 
with high amplitude. Hence sensory inflow may 
show a- greater response from the specific sensory 
fibers in shep than in waking, yet there is almost 
no perception, for something has changed v\ the 
integrating process. Some people believe that 
this shift in the mode of action occurs in the 
diffuse projection system and its thalamic con- 
nections between the cortex and the core, and 
further experiments are being designed to test 
this lry:x)thesis. 

Summery 

While the examples cited here will be pursued 
more fully in other sections, they may illustrate 
how many levels of sleep research are converging 
to produce insight into the function of the brain, 
creating tools of great diagnostic value. The study 
of a night's sleep may entail, at the gross level, 
methodical observation. By watching a sleeping 
person throughout (her ight, for instance, there are 
evident physiological changes. There are clusters 
of mus.de twitches, rapid eye movements, inter- 
vals of stillness; periods of body movement, periods 
of even breathing, and times of uneven breathing. 



These have been correlated with the scalp EEG 
portrait, showing that there are cyclical changes 
in nervous activity sweeping through the cortex. 
Thes) represent changes in mentation, conscious- 
ness. Data from many sources, from deep brain 
studies, anatomical studies, and preoperative 
probes in human patients — have begun to show us 
how to interpret the surface EEGs to understand 
the organizational changes within the brain, the 
shifts of function and activity that appear as the 
strik ng patterns of nightly sleep. At the same 
time, computer techniques of EEG analysis are ef- 
fectively making the EEG a far more sensitive and 
informative indicator of brain activity. A great 
muni er of sleep studies are clarifying the normal 
picture of nightly sleep. It now seems 1 ikely that 
the EEG of sleep inay become a useful diagnostic, 
an in trmnent that can point to specific loci of dis- 
order, suggesting something of (lie mechanism of 
an al normality rather than simply indicating a 
devia ion from the normal pattern. New methods 
of analyzing EEG data, supported by a variety of 
data, may therefore be able to take us deep within 
the b \a in so that we can see, with surface elec- 
trode; , activity in regions that in past years re- 
quired neurosurgery for exploration. 
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And touching this point, Phisitians may consider; whether sleep he so 
necessarie that our life must needs depend of it y for we fi,ide that Perseus King 
of Macedon , prisoner at Rome, being kept f rom sleep was niade to die y but Pliny 
aleageth that some have lived a long time without sleep at all. 

Montaigne 

One sort of treatment used for those accused of witchcraft was the “ tortxn a 
insomniaeP Of all things in brain disease , calm and regular sleep is most 
beneficial ; yet , under this practise , these half -crazed creatures were prevented 
night after night and day after day , from sleeping or even resting. In this 
way temporary delusion became chronic insanity , mild rases became violent , 
torture and death ensued , . . 

Andrew Dickson White 



Chapter III. Sleep Deprivation 



Man, oflen in laudable arrogance accompanied 
by blinding ignorance, lias always attempted to ex- 
ceed the limits of his own physical nature, The 
obvious needs — hunger, thii'St, respiration — have 
been accorded respect as essentials to survival. 
The very word “starvation’* has its roots in the 
Old English word “sterve ,J (to lie) ; and the con- 
nection between 1 ac±^ of food and death has teen 
plain throughout the world’s history. Sleep has 
been ti different issue without the status of a drive, 
although sleep deprivation has long been used ns 
tort me. Befo/e we can answer why we sleep, or 
how much sleep we need, modern civilization ap- 
pears to l>e racing to eliminate sleep. This is a 
heady prospect, fo**, if successful, it would add 
about 20 productive years to the lifetime of Hie 
average man. Nevertheless (lie question remains: 
must we sleep? Is sleep an integral part of our 
organic rhythms, our metabolism? One useful 
procedure for exploring Ixxly needs is to deprive— 
lake away sleep and see what happens. In ihe 
3050s, following orld War II, a large number 
of volunteers underwent ]KTio<ls of sleep starva- 
tion in 1al>oralories where they were measured for 
physiological and chemical changes, their ability 
to perforin (asks, and where (heir psychological 
changes were under continuous scrutiny. Anyone 
who seriously thinks of eliminating or drastically 
1 'educing Iris slc^p should examine this literature. 
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We have all been exposed to anecdotal “proofs” 
that certain people can manage well without 
sleep — long vigils of sleepless performance by 
medical interns, the so-calhd charrette or 3-day 
drafting binge of the architect, a spate of remark- 
able incidents retold after World War II, famous 
“wakathons” endured by disc jockeys, and last 
year an 11 -day stint of sleeplessness by a 17-year- 
old high school student in San Diego. Despite the 
lack of sleep the architects drafted winning plans, 
the interns treated (lie sick, the disc jockeys gave 
their usual performances, soldiers won battles — 
and after a night’s sleep, we are lold, (hey were 
fresh as ever. Studies performed at the Walter 
heed Army Institute of Research, largely by I)r. 
Harold L. Williams and li is associates, have told a 
discouraging story about a person's performance 
during prolonged wakefulness. Seveiul of the 
famous wnkatboiv wore, at least in part^tudied by 
scientists, and these loo otTer some disheartening 
information a!>ont the psychological etTeels of go- 
ing without s^eep for long periods, as well as rais- 
ing questions id >0 lit aftereffects. One disc jockey, 
with a record of some mental instability, went 7 
days without sleep, end u ted persistent symptoms 
even after test, and ended in a mental hospital, 
although a stable young high school student ap. 
parent ly recovered from a much longer stint with 
no noticeable aftereffects, 
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The mental symptoms of prolonged sleeplessness 
seem to occur slowly, in a somewhat predictable 
fashion, mounting, as the time goes on y sometimes 
into very dramatic proportions. At Walter Reed 
and elsewhere one of the most consistent observa- 
tions was the pn v ressive unevenness of mental 
functioning, lapses in attention, growing fatigue, 
weariness, and a tendency to withdraw from the 
outside world. People began to make fewer and 
fewer unnecessary movements, pnd showed some 
confusion between their own thoughts and external 
events. Certain bodily sensations began to de- 
velop. A tightness around the head gave the im- 
pression that a hat was being worn. Many com- 
plained that their eyes burned or itched and their 
vision was blurred, after 30-60 hours of sleepless- 
ness people had difficulty with depth perception. 
Small objects seemed to dart out of place, and 
chairs changed apparent size. Commonly, lights 
seemed to wear a halo of fog. Even the floor 
seemed to undulate. By 00 hours, some peoplo 
developed vivid hallucinations. One volunteer, 
for instance, called for help in washing the cob- 
webs from his face and hands. Brief dreams 
would inlaid o and become confused with reality, 
and people found their time sense distorted. 
These symptoms, along with changes of mood and 
deterioration hi performance, were disturbing 
enough, and were recorded in detail in the defini- 
tive Walter IWd studies that did not extend the 
sleep starvation beyond 98 hours (Williams, Lu- 
bin, and Goodnow). If the sleep-loss is pro- 
tracted beyond 100 or 200 hours, however, it ap- 
pears that the symptoms Intensify and begin to 
resemble psychosis. The fifth day has seemed to 
be a turning point in a number of cases observed 
(West et al., 1962). 

Temporary Psychosis 

In January, 1959, the largely unaware public 
saw before its very eyes the kind of temporary 
psychosis that can lx? induced with sleep starva- 
tion. Under (lie supervision of doctors and 
scientists, Eetor Tripp, a 32-year-old disc jockey, 
undertook to stay awake for 20 0 hours in a Times 
Square booth for the !>enefit of the March of 
Dimes. Throughout this marathon of over 8 days, 
Tripp was given medical and neurological ex- 
aminations, tests of j>crfonnance, | psychological 
fcsls, and was closely attended by Drs. Harold L. 
Williams, Ardio Labin, Louis Jolyon West, 
Harold WoltT, William C. Dement, and others. 
Although his experience was undoubtedly wors* 
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ened by the tension of publicity and public con- 
ditions, some of ilie ordeals of Pet a* Tripp may 
indicate the kind of mental symptoms that can be- 
leaguer the severely sleep starved. 

Almost from the first, the desire to sleep was 
so strong that Tripp was fighting to keep him- 
self awake. After little more than 2 days and 2 
nights he began to have visual illusions; for ex- 
ample, he reported finding cobwebs in his shoes. 
By about 100 hours the simple daily tests that re- 
quired only minimal mental agilitv and attention 
were a torture for him. He was having trouble 
remembering things, and his visual illusions were 
perturbing: ho saw the tweed suit of one of the 
scientists as a suit of furry worms. After 120 
hours he went across the street to a room in the 
Hotel Asfcor, where he periodically washed and 
changed clothes. He opened a bureau drawer and 
dashed out into the hall for help. The drawer, as 
ho had seen it, was ablaze. Perhaps in an effort to 
explain this and other visions to himself he decided 
that the doctors had set the illusory fire, delib- 
erately, to test him and frighten him. About this 
time he developed a habit of staring at the wall 
clock in the Times Square booth. As he later ex- 
plained, tl e face of the clock bore the fpoe of an 
actor friend, and he had begun to wonder whether 
he were Peter Tripp, or the friend whose face he 
saw in the clock. The daily tests were almost un- 
endurable for Tripp and those who were studying 
him. “Ho looked liked a blind animal trying to 
feel his way through a maze.” A simple algebraic 
formula that ho had earlier solved with ease now 
required such superhuman effort that Tripp broke 
down, frightened at his inability to solve the prob- 
lem, fighting to perform. Scientists saw the 
spectacle of a suave Xew York radio entertainer 
trying vainly to find his way through the 
alphabet. 

By 170 hours the ngony had become almost un- 
bearable to watch. At times Tripp was no longer 
sure he was himself, and frequently tried to gain 
proof of his identity. Although he behaved as if 
he were awake, his brain wavo patterns resembled 
those of sleep. In his psychotic delusions he was 
convinced that the doctors were in a conspiracy 
against him to send him to jail. On the last morn- 
ing of his wnknthon, Tripp was examined by I)r. 
Harold WoltT of Cornel). The late Dr. WoltT had 
a somewhat archaic manner of dress, and to Tripp 
he must have np]>carcd fimebrial. Tripp un- 
dressed, as requested, and lay down on the table 
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for medical examination, but as lie gazed up at the 
doctor he came to the gruesome decision that the 
man was actually an undertaker, about to bury 
him alive. With this grim insight, Tripp leapt 
for the door, and tore into the Astor hall with 
several doctors in pursuit. At the end of the 200 
sleepless hours, nightmare hallucination and 
reality had merged, and he felt lie was the victim 
of a sadistic conspiracy among the doctors. 

With some persuasion. Tripp managed to make 
a final appearance in the glass-windowed booth 
in Times Square, and after his broadcast he went 
to sleep for 13 hours. Although the record of his 
ordeal covers hundreds of pages, the few instances 
cited 1 ere may give some indication of the ex- 
treme distortions, mental agonies, and delusions 
lie suffered, especially during his last 100 hours 
of sleeplessness. When lie i wakened after his first 
long sloop the terrors, hallucinati >ns, and mental 
deterioration had vanished, lie no longer in- 
habited. an unstable visual world where objects ap- 
peared to change size, where a doctor's tic would 
jump out of place, and where it was a superhuman 
effort to solve a simple problem or remember an 
anecdote. In 13 hours of sleep (lie nightmare ex- 
istence had been left behind, although for 3 months 
afterward Tripp suffered, a mild depression. 
Quito aside from the quick apparent recovery from 
extreme symptoms, there hid been two extremely 
striking patterns throughout the ordeal, periodici- 
ties that suggested that Tr pp's times of strength 
and me me li ts of worst symptoms followed some 
inner cycles. Throughout the ordeal Tripp had 
been able to organize and perform his d* ily broad- 
cast. Temperature reading showed that lie was 
at his peak at (lie broadcast time, the |>oiiit of Ms 
highest daily temperature. His bntsts of hallu- 
cination and strange behaviors, on the other fiand, 
seemed ro occur in 90-120 minute intervals, at times 
when lie might normally have been dreaming. At 
the time this periodicity suggested a possible 
physiological link between t he mechanisms of 
dreaming, psychotic s.vniptcms, and hallucination. 
In retrospect some of the observers feel that the 
most impressive changes were those that followed 
the (linrr a! cycle. 

The Role of Ago 

Six years ago, when Peter Tripp began his 
marathon of wakefulness, lie was 32 years old. 
Last year, a 17-year-old high school student set out 
to break the record, and ir. the quiet atmosphere 
of his home, without (lie help of coffee or other 
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stimulants, he stayed awake for 261 hours. Drs. 
L. C. Johnson, W. C. Dement, and J. J. Toss were 
on hand for observation and medical examination. 
Here there was quite a contrast to Tripjvs waka- 
thon. 

Kandy Gardner did, indeed, show progressive 
changes with sleep loss. By the fourth day he be- 
came irritable, suffered lapses of memory and diffi- 
culty in concentrating. He saw fog around street 
lights, felt the band of pressure of an illusory 
hat, and imagined a street sign to be a person. By 
the ninth day he seemed to think in a fragmented 
manner and often did not finish sentences, some- 
times experiencing transient reveries. His eyes 
bothered him, and he bect.mc unsmiling and ex- 
pressionless. At one point, about the fourth day, 
he had imagined himself a great Negro football 
player. He did not, however, show extreme symp- 
toms, and at the end of 11 days, he slept for over II 
hours, and rebounded into a healthy and cheerful 
inood. Dui ing the last few days of his vigil, how- 
ever, lie had shown definite neurological changes. 
His vision was blurred, and his right eye was mak- 
ing involunt ary sidewise movements. Whether his 
eyes were open or closed, his alpha rhythm was 
markedly reduced, and lie showed waves charac- 
teristic of sleep. The usual alpha wave enhance- 
ment to external stimuli was no longer present. 
Physiological measures indicated that during de- 
privation the basal autonomic pattern was one of 
activation, lmt also that there was less responsive- 
ness to outs’de stimuli. For example, during dep- 
rivation there was marked vasoconstriction. 
Kandy’s he irt rate rose above normal. I (is skin 
temperature, and electrical skin resistance were 
very low. As time went on these indices, which 
usually show changes in response to external 
events, become less and less responsive. When 
Kandy finally went to s’ecp, however, all of these 
measures showed responses to external stimuli, 
save only the galvanic skin response. On the first 
night of $leq> after his vigil, his KKG showed a 
different pattern thai. oil successive nights. It 
contained a concentration of slow wave (stage 4) 
and stage 1 HEM. Ten days after the vigil, Kandv 
was clear of all symptoms except for slight diffi- 
culty with memory and involuntary eye movements 
(nystagmus) (Johnson, ct al., 1905; Koss 1904). 

These two very different individual reactions 
illustrate several important aspects of sleep loss 
that have been corroborated in other studies. 
Kandv Gaidncr, by psychiatric measures, with- 



stood his long vigil with greater ease and less effect 
than any of the people who had so far been 
recorded beyond 120 hours of sleep loss. His own 
home and the attendance of his own family physi- 
cian provided surroundings that were less exac- 
erbating than there of Peter Tripp or others, even 
on shorter vigils in the laboratory. He took no 
stimulants. But perhaps equally" if not more im- 
portant, were his youth and his general stability. 

A person’s reaction to prolonged wakefulness 
would appear to be congruent with his personality" 
patterns and what might loosely be called stability. 
From interviews and psychiatric tests of 74 army 
volunteers in Walter Peed studies, researchers 
found they could predict reasonably well which 
individual would find the experience most diffi- 
cult and would report hallucinatory events (Morris 
and Singer, 1961). Some years ago, at McGill 
University, six chronic schizophrenic patients were 
kept awake for 100 hours. As sleep loss continued 
these patients began to show acute symptoms that 
bad not been seen for several years among them, 
auditory hallucinations (Koranyi and Lehman, 
1000), The extent of a person’s suffering under 
protracted sleep less would seem to depend upon 
what we term mental health, and (lie six publicly 
recorded wakathoi s that have been undergone in 
recent years setm t<> highlight the point that symp- 
toms occur sooner, and with greater intensity, in 
unstable inoividua s. There is also some evidence, 
however, that age maybe an important factor. 

Randy Gardner, who set ( he record for a sleep- 
less vigil, was the youngest person to attempt this 
stint. Further evidence that young creatures may 
withstand sleep lofs for longer periods than older 
ones lias come from the laboratory of Wilse B. 
Webb at (he University of Florida. The finding 
was sere nd ip it on si »cca use it arose from a rat study 
that was not designed to explore this point. Orig- 
inally, t lie experimenters had designed a contin- 
uously rotating niedi wheel, two-thirds submerge*! 
in water, in order to keep rats alert without caus- 
ing muscular exhaustion so (hat they would fall 
asleep instantly vvl en placed in a recording cage. 
Rats avoid cold water, and the wheel moved slowly 
enough so that they would not fall in if they kept 
awake and mored very slightly. Because (he orig- 
inal wheel was small, it could not carry a fully 
grown animal, a?*d so the first experimental 
animals were lerv young, about 0-3 days old. 

The experimenters expected (lie creatures to last 
atop the wheel for several days, but were sm prised 
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to see them maintain position day after day. Some 
lasted 27 days before they fell, '[Tiis feat of 
wakefulness raised some interesting questions. 
How had the young rats managed to stay awake, 
continuously moving for 27 days? The experi- 
menters speculated from other data that these 
flexible young animals had not yet formed rigid 
sleep patterns and were able to sneak short naps of 
a few seconds. The only way to corroborate this 
hunch was to obtain continuous EEG readings 
while they were astride the water wheel, and see 
if characteristic brain waves of sleep appeared in 
the record. It was technically impossible to ob- 
tain EEGs from rats G3 days old, for there was 
then no way of implanting electrodes into the 
small and delicate brain. The repeated experi- 
ment had to be conducted with older rats, whose 
brains could be implanted with tiny electrodes. 
The older rats were about 209 days old. 

When these adults were placed upon the water 
wheel, however, they had no staying power. They 
fell off in 3 to 4 days. The experimenters immedi- 
ately began testing rats of intermediate ages on the 
wheel. The animaVs age was directly correlated 
with the number of days he would last upon the 
wheel (Webb, 1962). In order to gain some in- 
sight into this differential staying power, the ex- 
perimenters developed techniques for implanting 
young animals. They have recently found that 
the young animals manage to spend a surprising 
amount of their time asleep. By running to one 
edge of the turning wheel they can then ride with 
it, catching a nap of IQ-15 seconds before they 
must quickly move to avoid falling. By this 
maneuver, (he expo rim enters have estimated (he 
animals may spend a third of their time on the 
wheel asleep. They are evidently very tired by 
the time (hey leave (ho wheel; nevertheless, the 
young rats manage to spend long periods atop the 
wheel in this fashion, whereas the older rats can- 
not. It docs seem, at present, (hat ago bears sonic 
relation to the ability (o withstand sleep loss, and 
(his capacity may be associated with (lie- ability to 
snatch brief naps, although (lie reasons may be 
multiple and related (o metabolism, especially in 
rodents, and muscular vitality ns well as “habits” 
of the nervous system. 

PhyilologUol Changes 

Although noxi to nothing is known al>out the 
psychological changes that may lx* occurring in 
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animals fts they are deprived of sleep some changes 
have been observed (Webb, 1962; Kleitman, 1963). 
It is largely from animals that we have learned 
about the damages that sleep loss may induce in 
brain t issue. From histological studies of animals 
experimenters infer that there may be certain 
changes in human brain tissue during sleep loss. 
How these may vary with age is not known. The 
published case histories suggest that many of them 
must be reversible, and the recent study of Randy 
Gardner suggests that youth may bean advantage 
in recovering from sleep loss. It should be 
repeated, however, that subtle aftereffects, per- 
haps not noticeable to Randy or to a casual on- 
looker, persisted for 10 days, and perhaps months 
after the vigil. Aftereffects have been difficult 
to measure and evaluate in human beings, and the 
question of tissue damage is unanswered at present. 
Studies of sleep loss have been relatively few and 
recent, and the question of prolonged, perhaps 
even indefinite, aftereffects remains an unsettled 
one. There is no way of telling whether the 
severity of aftereffects may be in propoition to the 
pathological symptoms experienced during sleep 
$t. ration. 

Perhaps it is worth citing a few of the animal 
experiments that have shed a little light on this 
question. As early as 1894 M. de Manaeeine 
demonstrated that cerebral hemorrhages took 
place in puppies when they were kept awake to 
the point of death. Tissue damage in the cortex 
and frontal lobes was reported f y Daddi in adult 
dogs kept awake, fatally, from 9-17 days. 
Xathaniel Kleitman kept puppies awake for 1-0 
days, and many died. They, too, had suffered 
cerebral hemorrhages, and the number of red blood 
cells had dropped to at>out half of the normal 
count. Other changes in neural tissue were ob- 
served in sleep deprived dogs by Legendre and 
Picrnn, and these were shown to he reversible if 
t lie animals were allowed to sleep. Sleep-deprived 
rabbits mi owed cell changes in the spinal cord and 
brain stem, and so, depending upon the s|>ceies, 
it might seem that some of the, clinical signs ob- 
served during sleep deprivation come from cell 
changes in the cerebral cortex and brain stem. In 
some of the many animal experiments a single 
period of sleep restored the animal to normal after 
a moderate deprivation (Kleitman, 19o3). How- 
ever, nobody can l>e sure that n long i>criod of 
sleeplessness or the habit of skimping on sleep for 
mouth* or years will leave no ]>ermauent ill traces. 
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At present we have no way of determining what 
changes may leave a subtle, lifelong effect, perhaps 
even a chain reaction, enhancing disease, perhaps 
shortening the life span. Animal and human 
studies have indicated some of the physiological 
changes that occur when sleep is prevented for 
long intervals. 

Abnormal amounts of nitrogen and potassium 
have been found in the blood and urine of sleep- 
deprived animals. Glandular and hormonal 
changes have been obser ved as well, and it is inter- 
esting that experimenters report irritability and 
belligerence in sleep-starved animals, like that of 
sleep-starved people. 

Several studies suggest that the body metabolism 
suffers difficulty during prolonged wakefulness, 
and these suggest one of the ways in which normal 
sleep may be regulated. The body appears to be 
governed by internal clocks, intermeshed systems 
of biochemical change that we call metabolism. 
One of the cycles we have come to recognize is a 
diurnal rhythm of rising and falling temperature 
in man. In the Walter Reed studies oral temper- 
atures were taken during a 98-hour period of sleep 
deprivation, and it was clear that the diurnal 
rhythm remained. Indeed, people felt most sleepy 
ami tired at the time when their temperatures were 
lowest. During the progressive sleep loss, in addi- 
tion, t lie overall body temperature declined some- 
what. Perhaps this was an indication of a declin- 
ing metabolism, a progressive inability to produce 
energy (Williams, Rubin and Goodnow). 

Energy Metabolism 

The- awake person, however quiet, i? placing 
demands upon his nervous system and his muscu- 
lature far in excess of the activities of sleep, Ihns 
draining the energy reserves of his body. A bio- 
chemical study of two sleep-starved volunteers — 
one wakeful for 5 days, the other for 10 days— 
suggests that biochemical mobilization of energy 
changes considerably after 4 or 5 days without 
sleet). This may account for the pathological 
symptons and delirium that have Wen observed 
after 5 days of sleep loss (Lubv ct nl., I960, 1901). 
The body's transformation of food energy into a 
form useful to muscles, nerves, ami all cell activi- 
ties depends iij>on a single chemical. It is adeno- 
s*nc triphosphate, known as ATP, which seems 
to bo the catalyst for energy release in all living 
matter. Every cell, at any given time, has a cer- 
tain proportion of this nucleotide with its three 
phosphoric acids. As food substances are trails- 
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formed into cellular energy, ATP breaks down 
from a triphosphate into ADP — adenosine di- 
phosphate. By a process known, as phosphoryla- 
tion ADP and adenylic acid combine to make 
more ATP, which is stored with creatine as re- 
serve energy*. However, during prolonged activ- 
ity the stored supply is used up, and new ATP 
must be created. At about 4 days of sleep depriva- 
tion, the production of the three critical energy* 
substances of the body appears to run down. This 
seems to be the evidence from studies of six indi- 
viduals at the Lafayette Clinic (Luby et ah). 
At first, energy production seemed to increase by 
an emergency process of synthesizing chemicals 
not usually utilized. But after the fourth day, 
the emergency metabolism seemed exhausted. 
This was the time when the subjects showed most 
striking changes in personality and performance, 
experiencing the weird phenomena associated 
with delirium. The fact that sleep returned the 
energy systems to normal and restored the individ- 
uals to normal behavior suggests that sleep may 
be essential to the body's system of energy produc- 
tion, that it is integral to metabolic functioning. 

These biochemical studies instigated new inter- 
est in the relation between sleep loss and mecha- 
nisms of mental illness. Clinicians have long ob- 
served that sleep disorders, particularly insomnia, 
often precede a first attack of mental illness or an 
acute episode in the mentally ill. During sleep 
starvation, even the functioning adult can be 
swept into the unreal world of a transitory mental 
illness. Although we do not know what specific 
biochemical changes activate particular neural 
mechanisms to cause visions, distortions, ami hal- 
lucinations, we have now seen that the severe 
symptoms appear at a time when the body's energy 
metabolism has utilized emergency means to pro- 
duce energy and may not be producing a normal 
ratio of transmitter chemicals. The approxi- 
mately 5-day turning j>oint is a point of extremely 
low ebb and fatigue. Studies report many 
changes long before that, inattention, changes in 
mood, visual and tactile illusions. Even after 
hours’ sleep loss has produced noticeable 

effects. 

Another possible link in the chain of metabolic 
events has only recently been discovered by scien- 
tists who have been exploring iho body's n action 
to stress. During sleep loss, as the I/ifaycttc 
group lias indicated, (ho energy metabolism first 
acts on an emergency basis as if sleep loss were 
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a stressor like insulin. After stresses such as 
fright or frustration, changes in hormonal output 
and noradrenalin can be detected in the blood; 
corticosteroids that are secreted in extra quanti- 
ties by the pituitary adrenal glands. There has 
been considerable speculation about what part of 
the brain tells the pituitary to shift into emergency 
production. The suggestion of another biochemi- 
cal link in the metabolic and mental changes of 
sleep loss had its noots in a discovery of a brain 
region in humans that may take jonrfc in issuing 
the command for the extra production of stress 
hormones. During the early lOGO's, Dr. Arnold 
Mandell and a team at UCLA found an eleva- 
tion of corticosteroids in epileptic patients who 
had undergone pre surgical exploration and had 
received gentle electrical stimulation in the amyg- 
dala, a portion of the brain that is frequently in- 
volved in temporal lobe disease. The amygdala, 
far forward in the brain, seemed to play some part 
in the neural command system by which the adve- 
ii al -pit nitary glands are induced to pour hormones 
and stimulants into the blood during crisis. This 
finding ? ed to a further exploration of the chemis- 
try of stress. Using normal volunteers, under 
mild stress, they injected AGTII, which acts as a 
hormonal stress and is indeed, one of the pituitary 
hormones. ACTII stimulated adrenal production. 
Moreover, when the blood and urine were put to 
chemical analysis, a new* and previously unknown 
substance had appeared. Tins chemical was re- 
peatedly produced by artificial stress. It belonged 
to a family, the indoles, related in structure to 
serotonin and JvSI)-25. Subsequent studies were 
to demonstrate that this indole — signal of stress — 
might appear in the blood even lx* fore there was 
any elevation of stress hormones, possibly preced- 
ing the emergency action of fhe pituitary-adrenal 
glands in some instances, and possibly signifying 
a separate biochemical system operating in stress 
(Mandril et al., llkid). 

Studies of normal people under food or sleep 
deprivation followed. 'When volunteers went 
without food for 2 clays there was almost no signif- 
icant rise in stress hormone?, lmt the indole ap- 
peared. After only 48 hours of sleep deprivation 
the indole was detectable, although stress hor- 
mones increased after 24 horns. Should this 
sfrcss-rcs|>onsivc indole have psychotomimetic ef- 
fects like I/SD, and increase during progressive 
sleep loss, one might expect that it plays a role in 
the lxhavorial changes observed (Mandril, et al,, 
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in press). This new evidence of biochemical 
change, during early sleep loss, again suggests a 
link between sleep, metabolic processes, and symp- 
toms of mental illness. Because it is so vague, the 
word stress is usually avoided in describing sleep 
loss and other events. Looked at as a chemical 
signal of stress, in some colloquial sense, however, 
the appearance of this indole suggests that sleep 
loss, like other stressing events, causes biochemical 
reactions that may be clues to the etiology of men- 
tal illness. 

The biochemical traces of prolonged sleepless- 
ness have been explored only recently in human 
beings. The weakening impact of sleep loss — the 
fact that it produces confusion, disorientation, and 
even delusion — must have been known throughout 
history. The standard trick of the villainous has 
been to deny captives sleep (West, 1957). This is 
still n tool of the police in extorting confessions, 
and an inherent part of some military interroga- 
tions. Because protracted sleep loss can produce 
psychotic symptoms that are erased by a period 
of sleep, it has been said to break the will without 
leaving scars, providing one of the cheapest, most 
traceless and humiliating forms of torture. Ap- 
parently, it has been one of the more successful 
techniques of Communist interrogators, and the 
subjective agonies of the transition to exhausted 
unreality are well known as described by Arthur 
Koestler in "Darkness at Noon.” Presumably 
sleep-loss psychosis occurred among some of the 
U.S. fliers in the Korean conflict: people who 
signed confessions of germ warfare and could not, 
later, account for their ow n behavior. The leeched 
and hollow-eyed suspicious stare that has char- 
acterized the faces of many sleep-deprived volun- 
teers has been seen by everybody in the trial photo- 
graphs of the tragic Cardinal Mindszentv, who 
presumably sufTered continued sleep loss and inter- 
rogation before he publicly confessed to being a 
spy. The fact that protracted sleep loss can induce 
elTccfs like those of n temporary psychosis — dis- 
orientation of time, place, person, and identity: 
confusion, inattention, visual illusions, hallucina- 
tion, and delusional thinking— has provided a tool 
for exploring mental illness experimentally from 
many sides During the last 10 years many new 
tools have been added to the scientist's armamen- 
tarium, so that behavior, KEG events, physio- 
logical changes, and metabolic changes can be 
correlated. 





Psychological Changes 

The psychological changes observed in sleep- 
starved people surely prompt questions about the 
relation between fatigue and moral behavior. No 
studies have been designed specifically to probe 
this point, although, indeed, sleep starvation ap- 
pears to produce some behaviors that might be 
considered a weakening of moral character. Long 
before the appearance of gross psychotic symp- 
toms, for instance, an individual experiences sheer 
fatigue and will start to economize on muscular 
and intellectual effort to shift from one activity 
to another when left to his own devices and in- 
dulge in listless and transitory social interactions. 
(Murray ct ah, 1958, 1959). As one laboratory 
study suggested, a person may begin to take the 
easy way out, choosing the strategy that demands 
the least of him. Although this indication of lazi- 
ness says nothing about moral decisions under 
fatigue, it suggests that the study of sleep loss 
may have many social implications. The world 
might, indeed, be different if everyone got 9 hours 
sleep, and if key decisionmakers were not among 
the least rested members of society , Such specula- 
tions must go unexplored for the moment, but 
there is a large body of information of great social 
relevance, in the thorough behavioral studies con- 
ducted in the laboratory of Harold L. Williams 
at Walter Reed. 

Sleep Loss and Performance 

These studies begin to answer some very prac- 
tical questions about man's ability to perform 
while deprived of sleep, at the same time exploring 
some of our most basic questions — why we sleep, 
and what happens when we don’t. Under the re- 
current exigencies of combat or work deadlines 
people are not ordinarily deprived of sleep for 
10 days at a stretch. But 3, even 4 day vigils have 
occurred in battle, among seamen, and profes- 
sionals. At Walter Jtecd, during 1P5G and 1957, 
a first group of volunteers was kept awake for 3 
days (72 hours) while a second group attempted 
1 days of unremitting wakefulness. The point of 
the studies was not to push the men to the limit 
ami examine psychological abnormalities, but to 
examine thoroughly their abiltiy to perform cer- 
tain tasks. The volunteers, all of them young 
ftuny men, lived out their experimental period in 
a well-equipped hospital ward, attended by nurses 
and corpsmen, and were subjected to (ho same bat- 
tery of tests at the same liour each day. The staff 



maintained a 24 -hour watch, keeping drowsy vol- 
unteers awake; food, coffee, and recreational facil- 
ities were amply provided at all times. This was 
an unharrassing setting and permitted companion- 
ship and some esprit. As the sleep loss progressed 
the men reported increasing irritation with their 
eyes and vision, a few suffering illusions such as 
the apparent vision of steam rising from the floor, 
cobwebs, or hair in milk. Intrusive thought 3, or 
fantasies, the hatband illusion, and t ime distortion 
occurred. From outside one might have said that 
their mental processes were slowing down. They 
would lose their train of thought, make mistakes 
in speech, sometimes meandering off into a fantasy. 
As they filled the long hours between tests, the 
young men quickly shifted from reading and play- 
ing complicated games to desultory conversation, 
avoiding intellectual effort (Williams, Lubin and 
Goodnow). 

Most people realize that it is advisable to avoid 
driving a car, flying a plane, or performing ether 
manipulations that require split-second reactions 
if they have been deprived of sleep. Safety man- 
uals sometimes say that reaction time slows down 
with fatigue. After about 30 hours, as the Walter 
Keod subjects showed, reaction time l>ecame very 
uneven. A man might take th roe times longer than 
normal, on the average, to respond to a signal, but 
at times he would react quite as rapidly as ho had 
before sleep loss. Sometimes, however, he would 
tako a very long time tc react. He was not simply 
and steadily slowing down like an unwound clock 
as sleep loss went on, but he seemed to ho missing 
signals altogether, growing progressively more un- 
even cn reaction lime tasks. The net effect ir ight 
havo looked like a radical slowing of response me. 
In fact, the volunteers were progressively experi- 
encing more and more lapses of attention in which 
they utterly failed to get the signal. 

Reaction time tc.sts generally require a subject 
to press a button or perform a manipulat ion when- 
ever a certain signal occurs, but the subject has no 
control over the pacing of the signals, As the 
Walter Reed team began to di>tinguish between 
the tasks that suffered must during sleep loss and 
those that seemed resistant, it became clear lint 
sleep-starved people did far better when they were 
allowed to set the pace themselves. They could, 
for instance, maintain accuracy in solving prob- 
lems. A'lowcd to take as much time as they 
wanted, the volunteers could add pairs of numbers 
accurately (Loveland and Williams). If pressed 
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to add rapidly, yet accurately, the subjects man- 
aged to do arithmetic correctly by imishirg fewer 
problems. They could not sustain accuracy and 
speed. A person who could set his own pace per- 
formed far better than he did when paced by 
somebody else. 

When playing a communications game in which 
one volunteer issued orders and another executed 
them, the person issuing the orders made fewer 
errors than the subject following them. As sleep 
loss progressed, however, both made more errors, 
and by 70 hours into their vigil they doubled the 
number of errors they had made in a rested state 
(Schein, 195 f ). 

A wealth of eminently practical information 
emerged from the Walter Reed studies, and al- 
though this wps not their most important contri- 
bution, it is worth reciting some of the results. In 
the initial studies, monotony seemed to worsen the 
performance of the sleep-starved volunteers, yet 
upon further testing it appeared that monotonous 
jobs such as tracking an uncertain signal generated 
more errors than highly redundant yet tcdio.is 
tasks. Accuracy of scanning could be maintained 
by sacrificing speed. Performance could bo im- 
proved if the pe 1*8011 received feedback, telling him 
» lio results of his moves. Incentive also improved 
performance. So did a challenging and competi- 
tiro task. R. T. Wilkinson, of Cambridge, Eng- 
land, tested a game that simulates a naval battle, 
and found that sleep-starved subjects performed 
well de.e])i ‘o fatigue. On the other hand, progres- 
sive sleep Pss took its toll when a pereon had to 
cope rapidly with added increments of informa- 
tion; for instance, a volunteer could rapidly soit 
cards into 4 categories under progressive sleep loss, 
but could not speedily sort them into 10 categories 
(Will {bison, 1901). With progressive sleep loss 
the volunteers became ess efficient at optional 
tasks. When playing against the standard slot nia- 
n inc, for instance, the normally rested volunteer 
tried to vary his moves so as to ‘“beat” tho machine. 
However, early in his vigil the same man would 
adopt a rigid and predictable strategy, no longer 
lrv’ lg to keep in mind past plays that might reveal 
tho machines program. It was as if lie no longer 
eared and were alternating his choices in the man- 
ner that cod the least mental effort, 

Performance, was not tho same at all times of 
day and night, but tended to show t lie most de- 
terioration in the early morning hours during the 
low point of the daily temperature cycle, improv- 



-3 



25 



ing during the next day, afternoon and evening* 
This daily temperature cycle became slightly ex- 
aggerated during sleep loss, and the volunteers 
felt most fatigued during their periods of lowest 
temperatuio. Symptoms, lapses of attention, in- 
trusive thoughts, illusions, skin sensations, and 
dreamlike experiences also clustered roughly be- 
tween 5 aud 7 a.m., when the person would ordi- 
narily have been sleeping* The volunteers also 
showed a different reaction to background noise 
when they were sleep -starved (Wilkinson, 1963). 
Normally, a rested person will fare worse at a vigi- 
lance task when there is a hissing n^iso in the 
background, but this hissing seemed to improve 
the performance of the sleep-starved. 

At first glance, there is something very strange 
and inconsistent about the behavior of sleep- 
starved people as it has been described in the liter- 
ature. They can read yet find it difficult to follow 
simple orders. Peter Tripp managed to organize 
and conduct his daily broadcast, yet found it hard 
to perform simple tests. Volunteers might react 
swiftly to a signal in one instance, yet utterly miss 
a signal the next time. A crucial test of sustained 
attention was used at Walter Reed and high- 
lighted the nature of this seemingly strange com- 
bination of incapacity and capacity among the 
sleep-starved. This was the Continuous Per- 
formance Test designed by Rosvold ard Mirsky of 
Nil! (Mirsky and Kornetsky, 1964). The sub- 
ject merely had to press a lever whenever a par- 
ticular sequence of letters appeared amongst a con- 
tinuous parade of letters across a screen, or when 
a sequence of sounds was heard among a continu- 
ous train of sound; or when a par ticular vibration 
occurred among others. As sleep loss progressed 
the subjects made more and more errors of omis- 
sion, whether the signal was visual, auditory, or 
tactile. These lapses were a key to his progres- 
sively uneven performance on other tests — for he 
was missing things. 

These lapses in attention had been observed be- 
fore, ar.d studied by Bjemer and Libcrson. The 
brain wave recordings of Walter Reed volunteers 
soon in di cat oil what had been happening. A sub- 
ject, wearing electrodes, could perform a tactile or 
auditory vigilance task while reclining with his 
eyc3 closed* The EKG record taken at the time of 
his lapses showed that the characteristic alpha 
rhylhm of wakefulness had slowed down. For 
bi 3c f me men Is, perhaps 2-3 seconds, bursts of slow 
waves appeared, resembling thoso rf sleep. The 
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person seemed to have experienced a brief seizure 
of sleep, which has long been referred to as a 
microsleep (Liberson, 1946). Thus a person, set- 
ting his own pace, might slowly but accurately 
solve a problem or read a paragraph— but if the 
text were read to him, a microsleep might cause 
him to miss a word or phrase and thereby to mis- 
understand. He might miss a number and com- 
pute incorrectly. On a scanning task, ho might 
miss a signal on the radar screen — and from an 
error of omission, be led into an error of judg- 
ment and action. Microsleeps become more fre- 
quent as sleep toss continues, interfering with a 
person’s reception of outside information. 

These transient lapses have not been blamed for 
peculiar psychological effects, and a humorous bio- 
graphical incident in the writings of Mark Twain 
suggests that microsleeps might be blamed for a 
host of superstitions and reported apparitions. 
In his manuscript “Mental Telegraphy,” Twain 
recalls watching a stranger approach his house, 
and then vanish* Twain, convinced he had seen a 
bona fide apparition, hurried to the spot, and then 
inside. He found the man sitting in the inside 
halt, having ring and been ushered in by the serv- 
ant. Not having seen this, Twain concluded that 
he had been asleep or totally unconscious for about 
60 seconds, while the man rang and entered the 
house. If the man had gone elsewhere in the 
house, instead of waiting in the front hall where 
Twain could see him, Twain confessed. “. * * 
thirty yoke of oxen could not havepulled the belief 
out of me that I was one of the favored ones of 
earth, and had seen a vision — while wide awake.” 

Sleeping on one’s feet is no myth. Where long 
vigils are essential — as perhaps in an industrial 
mission, a space trip, or a military operalion — it 
seems clear that self-j>aced tasks, group tasks with 
inherent competition, and high incentive tasks are 
to l>e preferred over sentry duties, surveillance, or 
monitoring for sleep-starved personnel. Increas- 
ingly frequent microsleeps, the influence of the 
tpmjjeraturocycle, and evidence for a rhythmic oc- 
currence of dreamlike intrusion in 90-120 minute 
intervals provide some new guidelines by which wo 
can now design the tasks and work schedules of 
people on long and potent tally sleepless duties. 
We are only just beginning to realize that sleep re- 
quires the same kind of attention we normally give 
to the Iog ; slics of food, sanitation, and other 
essentials. 
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Summary 

The study of sleep starvation to date has under- 
scored a number of factors worth restating. Pro- 
gressively, as sleeplessness is prolonged, a person 
suffers sensory disorders — illusions of visual arid 
tactile sensation that may eventually develop into 
hallucination. Lapses of attention, microsleep in- 
tervals become frequent. There is a tendency to 
withdraw from activity, to become disoriented in 
time, and place, and person. The extent A f the ef- 
fects are influenced by many environmental fac- 
tors, but psychological symptoms may be related 
in their intensity to the mental stability of the in- 
dividual. Age seems to be a significant factor, 
and there is some evidence that it is easier for the 
young to withstand and recover from long v igils. 
As reflected in the brain wave patterns, a charac- 
teristic effect of sleep loss is the slowing of the 
waking alpha rhythm. Reduced responsiveness 
to sensory stimuli occurs on autonomic measures, 
although heart rate, for example, has been found 
to bo somewhat accelerated. Stress hormones in 
the blood show an elevation very early in sleep 
loss, and signs of biochemical changes occur with- 
in 48 hours. The energy metabolism of the body 
is altered, showing a severe decline at about 120 
hours and coinciding with the onset of psychotic 
symptoms. 

Although a single night of sleep appears to 
erase most of the symptoms, there is no saying at 
this point what subtle traces may persist, nor how’ 
these may be related to the age and usual j vntal 
state of the sleep-starved individual. Tba effects 
of chronic sleep loss are almost unknown, and wo 
do not now know how a habit of reduced sleep 
may influence waking performance or lifelong 
health. EEG studies of volunteers on schedules 
of restricted sleep have shown that there is one 



immediate Llfect, an alteration in the persons 
Visual EEG pattern of sleep (Sampson. 1965; 
Webb and Agnew, 1963) . Eight young m sn in a 
University of Florida experiment cut their sleep 
to 3 horns a night for 8 days. During these nights 
their sleep was not simply a miniature, a com- 
pression of their usual nightly pattern, for they 
spent about as much time as usual in deep stage 
4 sleep, at the expense of other sleep stages (Webb 
and Agnew, 1965). As this study progresses, it 
may reveal whether a habit of reducing sleep pro- 
duces behavioral effects, and whether there are 
cumulative disadvantages. 

Surely the behavior il studies of sleep loss per- 
formed at Walter Reed suggest that, however 
subtle, the effects can be socially and individually 
undesirable. Among the least mentioned is the 
intense desire to sleep in people who must, for 
whatever reason, stay awake for long periods. 

Must wo sleep for long periods, or could we 
train ourselves to naj; ? Do we need a certain 
amount of sleep for sanity and health, or could we 
reduce sleep radically! These questions have not 
been answered by experiments in sleep depriva- 
tion, although some >f the studies ha\o been 
undertaken in order to determine changes in 
metabolism or other biochemical events that may 
reveal how’ sleep is normally controlled. For a 
start they ha' 3 shown that sleep loss, and the con- 
taining activity of wakefulness, incur biochemical 
changes and metabolic alterations, and these may 
bo related to the coin< ident pathology — the tor- 
tured and psychotic behavior that has character- 
ized most of the severely sleep-starved adults ob- 
served so far. Sleep loss induces a variety of 
abnormal symptoms in otherwise normal people, 
and it is interesting to note that sleep disorders, 
notably insomnia, are commonly precursors to 
acute episodes in the mentally ill. 



33 




'll 



Thin ore the nightshirts left behind 
By daybreak hours that onward creep , 

An thin , alas! the shred of sleep 
That leavers with the spirit's icind . . . 

Danto Gabriel Rossetti 

Silent is the house: all are laid asleep: 

One alone looks out o'er the snow-wreaths deep 

Emily Bronte 



Chapter IV. Sleep Disorders 



The very symbol of pence and well-being 3s the 
silence of a darkened town asleep; it is a lonely 
figure in a lit window who may be in trouble. 
The heiTthy, the fortunate, succumb to sleep eas- 
ur.:ly, accepting it as naturally as breath, enjoying 
a respite from worry, .grief or pain, and awaken 
refreshed. Without this nightly suspension, the 
wealthy arc poor and the poor destitute. The in* 
ability to sleep, or stay awake, or a disorder in the 
recurrent cycle of sleep can become a torment and 
disrupt a life with appalling speed. Sleep dis- 
orders can alter a person's mood ami behavior to 
a degree that is often ignored, and mood, activity, 
and environment play their part in altering sleep. 
Sleep disorders are a concomitant of many mental 
i llnes.se.?, and it has been said that anyone who 
visited the wards of a mental institution at night 
l*Tore the wide use of tranquilizers stepped into a 
living hell. 

Th- most common sleep disorders are those that 
accompany a physical or mental disease, but 
there are others, dim notorized by inappropriate 
sleep, Fudi as narcolepsy, encephalitis, and certain 
forin« of epilepsy. Studies of these various deep 
abnormalities have enlightened some of our specu- 
lations about the normal mechanisms of sleep, mv 1 
have underscored the fact that sleep is not an iso- 
lated event, but part of a rhythm that involves 
the entire jvrson, his body chemistry, lbs mental 
out look. Id? behavior, his emotion-, and Ids 
environ i cut. 
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Insomnia 

Insomnia, whether real or imaginmy, luis be- 
come so widespread that it helps keep the drug 
companies in business, especially in large cities 
where tranquilizers and sedatives are consumed by 
the trainload. Most adults have had difficulty 
falling asleep in times of trouble or worry, and 
during the fever or pain of an illness. Elderly 
people and depressed patients often find that they 
awaken long before they wish, in the dawn or 
predawn hours. In its many forms, insomnia 
probably const it 'es one of mankind's most subtle 
torture?, but mrny people apparently think they 
arc tormented with insomnia at times when they 
are actually asleep. 

To date few studies of insomnia li ve been con- 
duced in the sleep laboratory. One of these, per- 
formed in the EDO's by I)r. W. T. LtbovFOn, 
showed that in-mnniac patients alternated between 
period? when llmir brainwave? showed Hie large 
waves of sleep, ami periods giving patterns of 
alertness. During the brief episode of sleep the 
patients would muuv, hut later deny having 'dept, 
presumably became of the rapid alternation with 
alertness. Nurses, having heard the snores, would 
insist that the patient had been sleeping soundly. 

During the late VX> OV, Dr. Artbui Shapiro, at 
New Voik's Downslate Medical Center, icoordcd 
the nightlong EKGs of several professed in- 
somnia's. Several volunteers complained that 
t hey bad imt slept \uy mm h all night, but their 



brain waves | indicated that they must have been 
asleep, dreaming they were awake. Since that time 
a number oE laboratories have seen instances of 
“wakefulness” during which people were actually 
sleeping. 

Perhaps the most startling confusion of sleep 
and wakefulness took place in the University of 
Chicago Sleep Laboratory in late 1963 when Dr, 
Allan Rechtochaffen and his associates were track- 
ing the process of falling asleep. In this pilot 
study, subjects went to sleep with tlieir eyelids 
-taped half-open. When tlieir EEGs indicated 
the first stages of sleep, a lighted object was held 
before them. A few seconds later they were awak- 
ened and asked about their thoughts. In a 
sequence of many such awakenings one subject 
never saw the illuminated comb or cup before his 
eyes, but persistently asserted that he hid been 
alert and wide awake — thinking. Ills thoughts 
were fragmentary images, often resembling brief 
dreams. 

An interesting and detailed study of the drowsy 
stale has been performed by Drs. W. T. and Catli- 
ryn W. Liberson of the Striteh School of Medi- 
cine, Hines, 111, They, too, have found the distinct 
EEG patterns of drowsiness in people who denied 
being drowsy and claimed they were just think- 
ing. The eyes began to roll slowly during the first 
onset of drowsiness, increasing for some seconds, 
and then diminishing and disappearing as sleep 
spindles appeared on the EEG. As the drowsy 
patterns invaded the EEG, even subjectively alert 
subjects showed a sudden shift in attention from 
present reality to vague thoughts of t lie kind 
everyone experiences in the midst of daily ac- 
tivity. The Li her sons have suggested that it 
might be a biological necessity to blur the environ- 
ment occasionally, entering an intermediate stale 
between vigilance and dreaming (Libcrson and 
Libetvon, 19C5). 

Other volunteers in the laboratory of I)r. Don- 
ald Goodonough have assorted (hey wore awake 
and thinking when aroused from a dream period 
following a long intcnal of sleep. They have re- 
ported — as thoughts- long and bizarre dream nar- 
ratives, and tlieir subjective confusion of sleep and 
waking may suggest that they sleep “lightly,” for 
Micy have explained that they could control their 
dreamlike thoughts in the manner of daydreams 
and were aware of sounds in the room, siwh ns the 
noise of nil nir rondil ionor. 

Imaginary imnjmiia is no joke to the prison 
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who exact rbates his problem by growing tense 
over his supposed inability to sleep; and its pos- 
sible caus as are of great interest. A study 
performed by Lawrence Monroe, which is sum- 
marized ir a later chapter, indicates some of the 
striking physiological and EEG differences among 
individual?, characterizing what has loosely been 
called good and poor sleep. These seem to be cor- 
related with personality factors and health. Ac- 
cording to the data collected so far, it docs seem 
that people vary considerably in the “depth” of 
their sleep, and that some people may retain 
greater contact with the outside world and sub- 
jectively feel awake at times when they think they 
are in control of their dreamlike experiences nnd 
thoughts. 

People hospitalized for the treatment of depres- 
sive illnesses, have shown generally abnormal 
sleep pat terns as judged by EEG recordings 
(Gresham et a)., 1PG5). Indeed, EEG records of 
sleep have been seen, so abnormal as to be hard 
to interpret by the usual EEG guidelines, and 
these were t lie sleep records of persons with severe 
classic depressions (Hawkins et ol., 1965), 

An early study of depressed patients with sub- 
jective insomnia indicated that these people took 
longer to fall asleep than their normal counter- 
parts, and moreover, spent twice as much time in 
a light phase of sleep from which people usually 
report, dreaming or thinking (Diaz-Guerrero ct 
ah, 1916). Nurses in hospitals have observed 
patients who lay motionless in apparent sleep, yet 
claimed they were awake. These people seem to 
sleep in a higher ( ban normal state of physiological 
ami neural arousal, and it has been suggested that 
the fault may lie within an arousal or vigilance 
syMcin of the brain, partly located in the brain 
stem reticiv r formation near Jhebasoof the skull. 
Why do these people complain? Why do many 
of them feel unrated? Docs light sleep prevent 
the. body from metabolizing energy in sufficient 
quantities? The answers to these questions are 
unknown at present, but it is reasonable to assume- 
that many of the.-e people suffering imagimry 
insomnia arc not exaggerating when they complain 
of insufficient re.-t. 

A Neural Pacemaker 

Subjective insomnia may, in some eases, reflect 
a subtle sleep disorder that has nothing to do with 
insomnia, strictly sneaking, blit may instead reflect 
an unstable shi fling of tl.o nightly ri°ep pattern 
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Instances of in stability, a restless shifting of the 
EEG phases of sleep, were noted in depressed 
patients who thought themselves wakeful (Diaz- 
Guerrero et ah). The possible source for this 
apparently abj ormal cycle was recently under- 
scored by UCLA sleep studies of epileptic patients. 
A number of epileptic patients or people with 
intolerable motor disorders have undergone pre- 
operative examination by means of electrodes 
deeply implanted in the brain. Among them, two 
patients showed a bizarre EEG during sleep. 
They oscillated between the lightest stages of 
sleep, at 10-minute intervals, never showing the 
brain \wve patterns of deep, stage 4 sleep. Both 
of these patients had severe damage in the tem- 
poral lobes and showed seizures that were gener- 
ated in the hippocampus and amygdala. This 
observation is of great interest, for + he amygdala 
is known to be associated with emotion, with into- 
grat ive processes, perhaps with short-term memory 
and pituitary stress mobilization. Now there is 
evidence that the amygdala may regulate the pro- 
portions of sleep that a person spends n the sev- 
eral EEG phases. 

Adey and his associates at the Space Biology 
Laboratory of UCLA have found that a chim- 
panzee’s sleep closely resembles man’s. In studies 
of implanted chimpanzees, the investigators noted 
spindling patterns from the amygdala during 
LEM sleep, an unusual pattern that has since been 
seen in implanted patients, but not in other 
animals. In recent experiments with monkeys, 
moreover, the experimenters disconnected the 
amygdala and found that the animals now spent 
a different proportion of their sleep in the several 
EEG stages. If the amygdala plays some role in 
apportioning the EEG states of sleep in men, in- 
vestigators may be able to track a number of sleep 
disorders to their neural locus. The new evidence 
suggests that while graded sleep stages in lowei 
animals may be governed in deep subcortical re- 
gions of the brain, man and infiahuman primates 
have evolved a shift of these conti ols so that the 
site of the mechanisms governing slecphavc moved 
into the forward regions of the brain near the 
cortex. The amygdala, a small bulge of tissue at 
(lie front mid of each temporal lohe, has long ba n 
n^nciafed * ith emotion. If this legion partic- 
ipates in the pacingof the stages of sleep, \\e may 
begin to uncover tho neurophysiological link bc- 
I ween emotional difficulties and sleep disturbances. 
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Sleep Oisorder and Mental Illness 

Because sleep disorders and mental illnesses 
almost inevitably occur in concert, sleep disorders 
have become a cue for clinicians in discriminating 
between similar forms of mental illness. If typed 
by sleep symptoms, depressed patients, for in- 
stance, appear to fall into three distinct categories. 
Some people oversleep in what we have often dub- 
bed escapism. Others become too anxious and 
agitated to fall asleep at night. Still others fall 
asleep easily but awaken too early in the morning. 

Drugs also discriminate between types of ill- 
ness. In treating depressed patients who, by clini- 
cal classification, are anxious rather than hostile, 
certain drugs are far more effective. One kind 
of drug that has particularly benefited some som- 
nolent and anxious patients is a chemical that in- 
terferes with a complex chemical chain that de- 
st roys norepinephrine in the brain — the monoamine, 
oxidase inhibit or. One such psychic energizer, 
iproniazid, has enabled several depiessed patients 
to function well for over a year on 3-4 hours of 
sleep, possibly by promoting more efficient brain 
metabolism and reducing the need for sleep 
(Bailey, et al., 1059; Kline, 19G1) . The differing 
sleep patterns and drug responses of depressed 
people suggest that we have lumped several dif- 
ferent ailments under a single name. Further 
study of the normal chemistry and neurophy- 
siology of sleep may, indeed, help us to ascertain 
the physical components of the moods and be- 
havior of these various patients. 

Surely sleeplessness, or complaints of resMcss 
bleep, have become warning signals for the physi- 
cian. Many mental illnesses and suicide al tempts 
are heralded by troubled sleep and a visit to the 
doctor for sleeping pills. The connection between 
mental illness and disorderd sleep is plain in any 
mental institution at night when, despite tranquil- 
izers and sedatives, (lie hours of darkness, become 
filled with restlessness, nocturnal terror, ngonv of 
mind. It is only in recent years, the last three or 
four, that sleep studies have been launched among 
the inst Nationalized in the hope of understanding, 
predicting, and controlling symptoms that are cor- 
related with unusual shop patterns. 

A survey of several hundred hospitalized psy- 
chiatric patients has indicated that about 70 per- 
cent of them experienced sleep disturbances before 
tiny were admitted for treatment. They either 
fell asleep with dlflvully and a ...keiicd during 
tho night, or had a pattern of awakening von 
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early with the feeling that they had not slept 
soundly; two patterns typical of depression. 
Many oi them resorted to medical help because 
of their insomnia, and were administered tran- 
quilizers or sedatives. Interestingly enough, there 
were more suicide attempts among the patients 
receiving sedatives or tranquilizers, than among 
those who were given antidepressants. In addi- 
tion, patients who said that they had been dream- 
ing less, or that they had stopped dreaming, also 
showed a tendency to attempt suicide (Detre, et 
ah, 1965). 

At St. Elizabeths Hospital, the Federal hospital 
of about 8,000 patients in Washington, D.C., a 
team of NIII doctors has undertaken a long-term 
study of the sleep of psychotics and elderly people 
suffering chronic brain syndromes (Feinberg, 
Koresko, Gottlieb, Wend?r). Here, volunteer 
patients live for several weeks in a special ward 
where they adjust to the laboratory, get acquainted 
with the staff, and are under continual observation. 
A very simple procedure has enabled the doctors to 
fellow progressive sleep disturbance and predict 
behavioral deterioration. A laboratory attendant 
makes a half hourly check on each patient all night, 
noting * nether the person sleeps, is awake, or is in 
an indeterminate state. The resulting chart has 
produced a striking pattern. The number of awak- 
enings during the night, or the amount of 
insomnia, is easy to measure and does predict de- 
terioration. SlecjO' deprivation experiments have 
demonstrated that lack of sleep, alone, can produce 
deterioration in behavior — even symptoms like 
those c . psychosis — ami that sleeplessness is ac- 
companied by biochemical changes in the body. It 
is not surprising that sleep loss, even relatively 
mild, should exacerbate Inc symptoms of psychotic 
patients. 

In schizophrenic patients, the sleep pattern may 
enable an important diagnostic distinction. Some 
patients do r.ot suffer sleep disorder before a 
breakdown hut sleep like babies. Tins group, un- 
like the huger group of schizophrenics, is little 
helped by tranquilizers. Possibly the symptoms 
suffered by these people have roots in different 
neural mechanisms. In the great majority of 
schizophrenics, for whom tranquilizers offer real 
relief from symptoms, acute episodes are usually 
preceded by increasing in~r.nnm, and it has l>ecn 
postulated that these patients suffer from excessive 
activity in the arousal system of the bruin. 



In an EEG study of 22 patients, the St. Eliza- 
beths’ team has observed a great lestlessness in the 
sleep of schizophrenics that is characterized by 
turnings and twistings of the body. Hallucinating 
schizophrenics have also shown unusual amounts 
of eye-movement activity during their dream 
periods, and while this may have little to do with 
visual imagery, it again suggests a high state of 
excitation, possibly within reticular activating 
mechanisms. The elderly people who show signs 
of disorientation and confusion and who cannot 
remember recent events have also been distin- 
guished by different, sleep patterns. Some show 
a great deal of REM activity, but others show 
abnormally little. Two volunteers, whose sleep 
was particularly light, awakened during dreams 
in the laboratory, ripped the electrodes from their 
heads and wets urgent to leave the hospital for 
“an appointment.” These two people showed a 
great deni of eye-movement activity during REM 
sleep, suggesting hyperarousal. Further studies, 
correlating sleep patterns, behavioral symptoms, 
and responses to drugs may help to define wliafc 
is now a rather vague designation of arousal 
(Feinberg et ah, 1061; Koresko et ah, 1963). 

Common Disorders 

Insomnia, restless sleep, or distortions of the 
sleep rhythm as depicted by EEG fluctuations are 
undoubt odly the most common and often f lie most 
serious complaints that come under the heading of 
disordered sleep. Many other sleep behaviors, 
however, come to the attention of the family phy- 
sician. Some of these are nuisances, such as snor- 
ing and sleeptalking. A well-known annoyance, 
bedwetting, is relatively common among preado- 
lescent children, occurring in about 5-15 percent 
of them, according to one estimate. Adult enu- 
resis is surpri ingly frequent, occurring in perhaps 
2 percent of (he population. The Army, an admit- 
tedly selected population, lias ftund bedwetting in 
about one man in a hundred. Until recently it was 
generally assumed that wetting occurred during 
dreams, perhaps as the result of dreams, but cur- 
rent nightlong KEG studies demonstrate that this 
is not so. 

])rs. Chester Pierce and Roy Whitman, work- 
ing at the Cincinnati Medical School found (lint 
diuretic l>oys >f 5-9 and adults 17-21 generally 
skipped (lie first KKM cycles, possibly because 
they were unaccustomed to sleeping in the labora- 
tory. Their vetting occurred in (lie deepest siago 
of sleep, stage 4. I l rs. David lb Hawkins, George 
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Thrasher, and Jimmy Scott at the University of 
North Carolina, have shown that wetting occurs 
in several stages of sleep — generally just before a 
dream episode, and least frequently in REM peri- 
ods, a finding confirmed by Broughton and Gas- 
taut (Gastaut and Broughton, 1964; Hawkins et 
ah, 19 J5) - Children m t ho studies had generally 
shown gross body movements prior to wetting, and 
when awakened reported no dreaming, although 
apparently dreaming often followed. If many 
sle^p disturbances seem to signify arousal, enu- 
resis by contrast seems to occur hi heavy sleepers, 
children who are often hard to awaken. Physio- 
logical rty^rds taken in the Cincinnati studies 
show that the enuretic child frequently lias other 
disorders, some showing EEG abnormalities, some 
sleepwalking, many enduring urinary complaints 
such us pressure, overly frequent need to urinate, 
even pain. These supposedly heahhy children 
also had an unusually high nitrogen content in 
their urine (Pierce et ah, 1901, 1963; Saint-Lau- 
rent et ah, 1903). A drug that effectively lightens 
sleep, imipraminc, has looked promising in getting 
children to stop their bedwetting, blit it also pro- 
duces an ii ritated mood. 

Teeth-grinding (bnixism) and head-banging, 
by contrast, appear to happen mostly during 
dreaming sleep. Teeth-grinding seems to be a re- 
sult of normal contractions occurring in the mas- 
setcr muscles during REM sleep but is particu- 
larly forceful among tense persons (Reding et 
ah, 1961). 

Somnambulism 

Sleeptalking and snoring an* annoying toothers 
but relatively harmless, while bruxism often causes 
dental problems. One of the most eerie and fas- 
cinating of sleep behaviors — sleepwalking — is not 
always innocuous to the performer. Somnambu- 
lists have been known to perform remarkable 
feats— to stride across narrow walls, pick their 
way through furniture and negotiate around ob- 
stacles without harm. Some, however, have 
jumped out of windows, like the young woman, 
recently described in a new:- paper report, who was 
found in the sT.vrt with broken legs. As she ex- 
plaii d to (lie police, she had a vivid dream of 
eloping with her fiance and had merely opened 
the window and stepped onto the ladder, which 
unfortunately existed only in her dream. Many 
of thr=e weird occurrences have been associated 
with traumatic incidents, like the nightly struggle 
of one French marine who rebattled a fire and 




mutiny at sea, colliding with chairs and tables so 
violently that he wounded himself visibly in sleep. 
And yet, upon awakening lie felt ho had slept 
calmly. Because of its repeated association with 
vivid dreams in the reports following the event, 
somnambulism has been thought to bo an enact- 
ment of dreams. People reasonably expected that 
it would occur during the REM phase of sleep 
associated with vivid dreaming, a period when the 
seal}) EEGs bear resemblance to the waking brain 
wave pattern, but until recently the evidence re- 
mained anecdotal, composed mainly of happen- 
stance observations or reports to clinicians (Riser, 
1962, and many others) . 

An EEG study of somnambulism, performed 
last year by a team of researchers at UCLA yielded 
the startling and provocative information that 
walking did not occur in REM dream stages — but 
in the deep, slow-wave sleep of stages 3 and 4, a 
period not currently thought to be associated with 
intense dreams. This initial study was conducted 
with 4 volunteers who had been selected from 25 
sleepwalkers, children, and adults. A special 
cable permitted the subject to leave his laboratory 
bedroom, while wearing his garland of electrodes 
connected to the EEG machine, while EEGs 
were continuously recorded. Each slept in the 
laboratory for 5 nights, and during this time the 
investigators studied 41 somnambulistic incidents. 
In each instance of walking or getting out of bed, 
tho activity began in stage 3 or 4, and usually the 
subject did not remember having mowd. 

As tho subjects moved around, the synchronous, 
large waves of stage 4 diminished in amplitude, 
progressing toward a lighter stage of sloop, and 
another interesting brain wave configuration was 
observed. During tho actual sleepwalking, a reg- 
ular wave, resembling the alpha rhythm of relaxed 
wakefulness, entered the brain wave pattern, Al- 
though normally tho alpha rhythm vanishes when 
r person opens his eyes, this rhythm did not vanish 
when the sleepwalker opened Irs eyes. 

Tho open eyes of the subjects lent a strange 
quality to their api>earaiice, for they walked around 
furniture and people as if they could see — yet 
showing little sign of recognition or appearing 
iiulETerent. Their faces were Wank, their feet 
sliu(T1ing, and they did not seem to perceive the 
investigators although they looked at them. One 
p.yenr-nM boy. whose brain waws were being re- 
corded by hint elei net rv. apparently nidi vim i« to tlio 
presence of the scientists, uni.doud into the nmni- 
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toring room and, 30 feet to tlis end of tho labo- 
ratory, entered a kitchen, retreated and entered 
another bcIroDm, and fmallv returned to bed. 
Teh minutes inter, because one of his electrodes 
had developed a loose connection, one of the in- 
vestigators awakened him in order to repair it. 
The child renumbered nothing. 

Th’s study and one French study give a first 
glimpse of tho jonmainbulUt in action. His brain 
waves more chsely resemble those of deep sleep 
than those of he waking state. However, they 
are different. This may point to another state 
of vigilance apart from waking or sleep, a state 
in which there is usually reduced awareness of the 
environment, but in which comp'ex and even vio- 
lent acts requiring interaction with the environ- 
ment may be perform ed (Jacobson et ah, 10G5). 

Evoked Potentials 

How could a pei*son see— take in visual and 
other sensor)’ information — at a lowered level of 
vigilance and without remembering? Why dur- 
ing stage 4 sleep? Quite a number of neuro- 
physiological studies have offered data that may 
explain this apparent paradox. One method of 
determining how the brain responds to a signal 
during each of the stages of sleep ir to sound a 
click in the ear of tho sleeping animal or person, 
flash a light, or deliver a very gentle electric shock 
throughout sleep. By performing the stimulation 
repeatedly, and by superimposing the subsequent 
brain wave records using an averaging technique, 
it is possible to gain a clear picture of the charac- 
teristic brain wave pattern that follows. This 
evoked potential can tell something about what 
parts of the brain are responding, how rapidly 
they respond, how sizable the response is, and how 
responses to any particular stimulus compare in 
waking and the stages of sleep. Brain wave re- 
sponses to stimulation, obtained from animals and 
from normal people in waking and sleep, have 
shown that tho heaviest censoringof sensory slim- 
n hit inn must occur during waking and REM sloe]). 
In other words, tho signals coming from specific 
sensory channels produce less of a response in the 
EEG in waking and during dreaming than in deep 
sleep. 

There are indeed many differences ton ramified 
for summary here. However, it would seem that 
tho waking and REM dreaming brain maintain 
a foms of attention by prohibiting mo-t of the 
chans of Siij-n i v signals fiom entning signifi- 
cantly into (lie 1 *ain. Oddly enough, as many in- 
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vestigators have demonstrated, this censorship 
seems to bo least strict during stage 4 sleep. If 
the pathways from the sensory nerves accept stim- 
ulation to a greater degree in strgo 4, one might 
wonder why the sleeping individual is not dis- 
turbed by the pressure of bedclothes, or his br eath 
on the pillow, or the sounds in the room. In col- 
loquial terms, the explanation may be that stimu- 
lation does not become sensation — it is not ex- 
perienced — until it has been processed and inte- 
grated by the brain. Studies of evoked potentials 
strongly suggest that these integrative functions 
are not operating in their usual way during stage 
4 sleep. This evidence has been seen in several 
species of anunals and in huir.ans in studies con- 
ducted by a number of scientists (Burton S. Ros- 
ner, Jose Segundo, Raul Ifernandez-Peon, and 
others). 

In attempting to offer an anatomical hypothesis 
to explain the EEG responses, two investigators 
have phrased it differently. Dr. Ilernandez-Peon 
of Mexico City postulates the existence of neurons, 
within or near the arousal system, that are essential 
to conscious experience. If these brain cells are 
inactive when the arousal system becomes inhibited 
during sleep, the brain might receive sensory sig- 
nals yet never generate awareness. Dr. Burton 
S. Rosner, at the University of Pennsylvania, does 
not explicitly postuate ‘‘conscious experience neu- 
rons.” However, ho feels that the diminished 
amplitude of the later portions of the EEG re- 
sponse may mean that there is a functional change 
in the brain regions believed critical for conscious- 
ness — the association area and diffuse projection 
s; stem of fibers from the core of the brain that 
finally transmit sensory information to the cortex. 
Thus the sleepwalker may indeed receive a bom- 
bardment of sensory information, yet not “experi- 
ence” anything. Although any speculation on the 
neural organization underlying this strange phe- 
nomenon is quite tentative, it does seem that stage 
4 sloe]) may permit automatic yet complex India v- 
ior — involving certain receptor and effector sys- 
tem*- -without the usual involvement of that 
mysterious component that makes a responsive 
lira hi also conscious. 

Modern research tools and a variety of re- 
searches should help u* to further penetrate the 
perplexing phenomena of smnuainnulbm and to 
understand why it U so often a*-ni 'laird with 
vivid dreaming although studies so far have indi- 
cated that interne dimming docs not r ually occur, 
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or is not recalled from stage 4 sleep. The fact 
that sleepwalking is frequently observed among 
entireties, in whom urinary problems are common, 
and who show unusual urine nitrogen content, and 
sometimes slight EEG abnormalities, may suggest 
a biochemical factor. 

We are just on the threshold of understanding 
the metabolism and the neurophysiology of sleep. 
Indeed, we still know little about, three, very con- 
spicuous diseases associated with sleep — enceph- 
alitis, narcolepsy, and epilepsy. 

fncephcdifis 

In parts of the world where sleeping sickness is 
common, a resistless drowsiness is a frightening 
omen. Attacks of somnolence, lasting days or even 
weeks, may come from many causes, among them 
brain tumors, lesions, damages from malaria, 
chicken pox, German measles, syphilis, and other 
high-fever diseases. The most dreaded sleeping 
sickness of them al1,howei er, is encephalitis, which 
is cuised by a virus. Although it appears in many 
forms, it generally begins with fever, delirium, 
sometimes to be followed by periods of agitation 
and insomnia, then stupor and coma. The virus 
raged through Europe during World War I, fre- 
qently taking its grip after a weakening siege of 
influenza. It inspired considerable medical re- 
search, and Von Economo and others sought in 
autopsies the site of the damage within the brain. 

As the data accumulated from many analyses of 
brain tissue, it became clear that the ravages of the 
virus were not restricted to a particular small spot 
in tlm brain. Lesions, or what might lx? called 
neural scar tissue from the. death of brain cells, 
were found in the hypothalamus, that portion of 
brain just above Ihe palate in man, which governs 
appetite, body temperature, heart rate, and emo- 
tion. Depending upon the location in the hypo- 
thalamus of brain cell damage, there could be 
man}’ different effects; and lesions were also found 
in many r portions of the brain. Thus, sub- 
sequent s dos began (o explain the a nay of 
prcposlci i s effects that encephalitis had wreaked 
upon its vj tims. In 50m? instances the victims 
of the disease were known to sleep as long as 5 
years. 'Finis encephalitis, especially in an epi- 
domir, called attention to (he role of the brain in 
causing sleep or wakefulness. 

One symptom was particularly revealing. In 
the afterm Jh of fever, especially among children, 
there was often a shining or even a total inver.-ion 
of the diurnal sleep cycle, so that the patient sud- 




denly bega:i sleeping by day and remaining awake 
throughout the night. This sudden shift of sleep 
and wakefulness in the track of a brain-ch.inaging 
fever emphatically suggested that there w as more 
than convenient, habit to the sleep cycle of man. 
Surely the cycle, however it was (level oped by 
whatever training, had some residence in brain 
mechanisms, perhaps a brain clock that would 
turn sleep on and oil, so to speak. With his ob- 
servations of hypothalamic lesions, Von Economo, 
during World War I, postulated that the brain 
must contain a sleep regulating center, and that 
the hypothalamus contained one area that induced 
wakefulness, while another produced sleep. Thus 
the epidemic of encephalitis, with all its frightful 
abnormalities, inspired theories about the region 
of the brain stem or brain that must participate in 
the normal regulation of sleep It was a striking 
example of the way in which abnormality of be- 
havior may help the scientist to uncover the normal 
process of behavior. Although the early theories 
w’ero inadequate, they generated what is now inten- 
sive neurophysiological study of sleep regulation 
in the brain (Kleitman, 19G3). 

Narcolepsy 

Encephalitis is well known by name at least 
to the public, for it is a fairly common disease 
in many parts of Asia, and outbreaks in Phi rope 
and the United States have generated a sizable 
legend and literature. Most people, on the olher 
hand, have never licard of narcolepsy. Although 
this curious ailment had the status of an extremely 
rare illness until recently, it may not be rare at 
all, for many people endure i*s symptoms with- 
out having a name to call them. Narcolepsy is 
mainly characterized by a tendency to fall asleep 
easily and at inappropriate moments, lie fore 
their problems wore diagnosed, a number of nar- 
coleptics have fallen asleep at the wheel of a car 
and crashed into n building or tree. A more 
frightening symptom of many narcoleptic is an 
overwhelming, swoonlike reaction to intense emo- 
tion. Violent anger or laughter literally makes 
them weak with emotion, ami they may lose, all 
muscle tension, falling to the floor and sometimes 
into a brief sleep that resembles a blackout. This 
cataplexy afllicts about 00 percent of t he nnr- 
coleptics. Sloop paralysis is another dblmbing 
symptom; narcoleptics have reported awakening 
but being unable to move for some minutes. 

lYoplo with those seemingly sinister symptoms 
have gone to doctors, claiming they were epileptic, 
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or even insane. Others, prone to napping, have 
deprecated themselves for laziness. A great num- 
ber of narcoleptics have sought help from optom- 
etrists, ophthalmologists, and oculists, believing 
they needed glasses because they suffered from an 
inability to focus their eyes (Keefe et ah, 1960). 
Actually this double vision stemmed from narco- 
leptic drowsiness. There is no way of knowing 
how many Ainci'icans suffer from narcolepsy, nor 
how many indust rial or auto accidents are caused 
by sleep attacks. The ailment may, indeed, occur 
in very mild form so that some people would bo 
relatively untouched by its symptoms. Drs. D. 
Daly and It. E. Yoss of the Mayo Clinic have 
studied narcoleptics of every degree of symptom 
and feel that narcolepsy occurs in many degrees 
of severity (Daly and Yoss; Yoss and Daly; 
Ganada; Gastaut and Roth). 

A totally new understanding of narcolepsy lias 
been generated by the collaborat ive studies of Drs. 
Allan RechtschaiTcn, William C. Dement, and 
George Gulevich, one which should erase the me- 
dieval aura of fear about the syndrome. Follow- 
ing a hunch that the. symptoms were related to the 
REM stage of sleep, the dream period, a series of 
EEG studies were undertaken. One early study 
showed that a narcoleptic can hold a conversation, 
discriminate between sounds, show other signs of 
being wide awake, and yet have the brain wave 
patterns of someone deeply asleep. A narcoleptic, 
wide awake, has skin conductance like that of the 
normal person asleep. An EEG survey of nine 
narcoleptics and nine normal controls quickly 
showed one difference in the sleeping patterns. A 
normal adult, according to hundreds of EEG 
studies, will sleep for about 90 minutes before en- 
tering a REM period. The narcoleptic will, on 
the other hand, begin a REM dream immediately 
after lie falls asleep. 

Nobody knows how narcolepsy is caused, al- 
though statistics about the syndrome in family 
groups suggests a genetic propensity. Some doc- 
tors luu'o supposed that a bruin disease is the ori- 
gin, and that this disease causes an adult to regress 
to the polyphasic sleep pattern of the infant, in 
which sleep occurs in 50-minute cycles. The cur- 
rent studies of Dement am! ReehtschalTen have, 
in any event, demonstrated that the narcoleptic's 
bizarre symptoms are merely tbe symptoms of nor- 
mal sleep, but very ill-timed. It is not that narco- 
leptics need more sleep than normal people, but 
(ho. plunnmcna of sleep- of which most of us 
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remain unconscious — ini rude into waking life. 
Waking liallucinat ions, cat aplexy, and t leep paral- 
ysis are exaggerations of t he events time normally 
occur in the REM stage (f sleep. Cataplexy, for 
instance, is not a blackout. However, if the normal 
person, standing on the street corner, were sud- 
denly to lose muscle tone as he does in REM sleep, 
he would fall limply to the sidewalk. If he were 
to fall asleep at the same I ime, with such swiftness, 
he might think he had fainted. 

Recent studies of narcoleptic sleep attacks were 
performed on volunteers at Stanford University. 
One indication that the ailment is not so rare as 
once assumed was the response of narcoleptics to 
an advertisement in a San Francisco paper. A 
call for volunteers drew a large number of replies. 
Screening the volunteers wa3 simple. Could the 
person fell a funny ioke or spank his children with- 
out suffering a cataplectic fit ? Did he suffer from 
sleepiness? Because laughter or anger seems to 
trigger cataplexy, most narcoleptics learn to avoid 
those emotional situations and divert their atten- 
tion from the events thnt might endanger them. 
Although the symptoms are outstanding, five of 
the cataplectic volunteers in the Palo Alto studies 
had never had medical attention. At present it 
appears that two-thirds of the narcoleptics suffer 
cataplexy, but that about one-third do not. 

The fact that there are many cataplectic people 
walking around without medical help is astonish- 
ing in itself, but it is oven more astonishing in the 
light of the ne^v EEG and physiological data. The 
attack can occur like lightning. One volunteer, 
a woman, had been outfitted in scalp and other 
electrodes, prior to EEG, eye movement, heart, and 
respiration measurements. She sa: in a chair in 
the recording room and was instructed not to fall 
asleep until the investigator had gono into the 
adjacent control room. However, as he closed f^c 
door a second later, she was asleep. lie awakened 
her and dashed to the electroencephalograph ma- 
chine in the next room. By that time she was al- 
ready dreaming, showing the familiar brain wave 
and eve-movement pat terns of REM sleep. The 
instantaneous fall from wakefulness into HEM 
sleep is a rare occurrence. It can happen after pro- 
longed dream deprivation, or withdrawal from 
amphetamine* drugs, but the normal person does 
not experience sleep in this way (Rechtsehnffen 
et nh, 1903 ; 1 Jenimit cf al., 1901) . 

In studies nf naivnTepsy at Stnnfi id University 
and the University of Chicago, narcoleptics were 
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observed plunging instantaneously into dremns. 
Normal volunteers took about 50 minutes of sleep 
before tliey showed signs of It KM sleep, if they did 
nt all, during daytime naps. It is not surprising 
that the narcoleptic has a voiy dilTcrcnt subjective 
experience of sleep. The normal adult slowly re- 
laxes, going through a long transition before he 
loses muscle tone in his face and neck as the I* EM 
period begins. Tlio narcoleptic, on the other hand, 
feels weak when he is sleepy, and many report 
strange sensations in the muscles. The sleep 
paralysis they may experience probably involves 
the lack of muscle tone accompanying REM 
sleep — but in the awakening narcoleptic remaining 
muscle tension may be delayed by quite a few sec- 
onds (Dement ct ah, 10G1; ReclitschaiTen et ah, 
19G3). 

One peculiar aspect of nareolespy is its periodic- 
ity. Frequently the narcoleptic will sutler attacks 
at intervals of I to G hours. This suggests an as 
yet unknown metabolic cycle. Possibly the body 
generates a chemical during wakefulness t hut is 
used up during REM sleep, and the narcoleptic 
either overproduces this metabolite, or does not use 
it up in nightly sleep. A series of animal experi- 
ments at Stanford University Medical School may 
reveal whether the REM state is triggered by a 
neurochemical that is consumed during dreaming 
(Henry etah, 19G5). 

The psychological quirks and neuroses of narco- 
leptics arc difficult to assess. Surely the symptoms 
place an incredible strain upon a peivnn's life and 
self-control. A person who is overcome by a resist- 
less sleep attack in the midst of making love, or 
who drops to the street if he listens to a funny joke 
and laughs, might be expected to develop some 
unusual behavior in reaction. However, the fad 
that emotion can trigger the sleep attack lias in- 
trigued people who have tried to understand its eti- 
ology. A survey of the literature indicates that 
many narcoleptics suffered their first attack after 
u trauma that occurred in early adolescence. Many 
of these were children of about Iff to whom a death 
in the family caused sudden and mien:© emotional 
u]) -et. This may be precisely the kind of emotional 
jolt that Richter postulated when he predicted that 
trauma might cause the normally out-of-phase 
metabolic cycles to come into phase — producing 
strange symptoms in a ]>orindic fashion. 

A It hough we are still n long way from being able 
to trace I lie concatenation of metabolic events that 
may be involved, studies of (he biain mechanisms 



and brain regions that participate in sleep suggest 
two areas that may be affected. Extensa 5 work by 
M. Jouvet and others at Lyon has shown that the 
pons, a region of the brain Mem that is pliylogeret- 
ically archaic, plays a large role in generating 
t ho characteristic REM sleep that is found in 
animals and mail. This might be one locus of 
narcoleptic .seizures. Other possible loci may lie 
in the temporal lobes, in the hippocampus nnd 
amygdala, for forward in the brain. These- 
frontal areas may act as a clearinghouse for 
memory and emotional information, and there has 
been some recent evidence that the amygdala may 
help to regulate the EEG phases of sleep. A 
wealth of data linking emotion and sleep lias sug- 
gested to R. 1 Fernandez- Peon that narcoleptic par- 
oxysms may originate in the amygdala — an hy- 
pothesis soon to be tested. 

Although wo may not know the exact chain of 
biochemical events, and while we. cannot yet pin- 
point the brain cells that a tivnte narcoleptic at- 
tacks, it is obvious that the sleep research of the 
last 5 years lias been applied in an unprecedented 
way — to t lie benefit of every person who suffers 
this malady. Findings from the many studies — 
which are the content of this report — have been 
focused upon this strange syndrome in order to 
illuminate its nature. It, must come as a relief to 
physicians and patients alike to realize that the 
symptoms are those of sleep a id dreaming. Kle* 
menls of the familiar always help to remove the 
dread of a bizarre mystery, removing some of 
the psychological burden. Moreover, there are 
now sonic guidelines for a regime of medication to 
minimize the symptoms. 

Sleep loss appeal’s to enhance narcoleptic, at- 
tacks, and, indeed, narcoleptics appear to be rest- 
less sleepers. However, most of them take de.xe* 
drino in order to stay awake, and this alone 
may change their sleep pattern. Among other 
efforts, dext driiic reduces t lie amount of REM sleep 
(ReclitschaiTen and Maron, Pierce and 

bis associates Miss Olivia Nixon, I)rs. «T. Ta Mntliis, 
and 11. I\. Lester have observed that several narco- 
leptics bad less than f lie normal amount of REM 
sleep. It is interesting that a couple iff them 
brought bags of sandwiches to (1m laboratory to 
eat late at night, A tendency to overeat lias been 
noticed in volunteer* who deliberately underwent 
nlnui t nui plcti- dn.uii Ins* for several night', and 
suggests an intern 'bn iff appetite mechanism* 
in the brain with sleep. Unfortunately, because 
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dexedrino lias a hangover effect, many narcoleptics 
are continually raising Mieir dose. The result may 
bo that they are further depriving themselves of 
HEM sleep at night and compensating with REM 
attacks during the day. Clearly, in the treatment 
of this syndrome, the patient needs a drug to keep 
him awake by day, but be needs a sedative at night 
that does not reduce HEM sleep. A combination 
of the tranquilizer, Thorazine, and dexedrine has 
been tried with good results. If, instead of taking 
dexedrine by day, the patient could take a drug 
at night to enhance his HEM sleep, his daytime 
attacks might be decreased or even eradicated. So 
Drs. Dement, Gulevich, and Rechtschaft'en have 
hypothesized. During the past several years, for 
many reasons, there has been a search for dream- 
enhancing drugs, but this research is just begin- 
ning and no such drug is yet available. 

The data from sleep research, enabling the recent 
studies of narcolepsy, have already provided the 
physician with invaluable tools. For diagnosis, 
a simple battery of tests — including EEGs of 
sleep onset — will indicate narcolepsy mid distin- 
guish between the cataplectic and noneatapleetic 
person. One of the revealing tests is absurdly 
simple : can t lie patient tell a flinty joke, or open- 
ly enjoy a joke related by the doctor ? A regimen 
to prevent sleep loss and further loss of HEM 
sleep can bo prescribed, and the doctor can re- 
assure his patient that the untoward ‘‘spells' are, 
indeed, just misplaced sleep. Perhaps publicity 
will help to take some of the psychological onus 
from narcolepsy and enable people with symp- 
toms, however mild, to seek relief. 

Epffepiy 

A widespread publicity campaign has been 
undertaken to remove (he onus from another dis- 
ease associated with sleep mechanisms — epilepsy. 
Jn the popular conception this ailment lias been 
imbued with mysterious, visionary overtones, and 
the epileptic fit is perceived in Doslocvskinn force 
as a grand mnl seizure, beginning with an aura, 
and ending in violent convulsions, with the person 
foaming at the mouth and finally entering coma. 
Actually, like narcolepsy, epilepsy is a syndrome 
of many forms and degrees, moderately rare in 
grand mal proportions, although not uncommon 
in less severe manifestations. In Angeles 
County alone, 00,900 to 8<V>00 people suffer one 
or another of its symptoms. Generali.., these are 
not “litv but brief episodes of blankness or auto- 
matic behavior- -smacking of lips or fumbling with 
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clothing. Epileptic seizures arc often mild enough 
to escape medical notice, sometimes passing as 
lapses in attention or daydreaming. 

The link between epilepsy and sleep is just begin- 
ning to be explored. Each form of epilepsy 
appears to induce seizures that cluster at a partic- 
ular time in the individual's diuinal cycle. In- 
deed, the time of seizures may prove to be a de- 
lining characteristic of the particular kind of 
epilepsy. Most common arc seizures during sleep, 
unci waking attacks are often followed by sleep. 
Like the narcoleptic, the epileptic is vulnerable to 
sleep loss and is warned to avoid exhaustion. Some 
epileptics are triggered by emotion, and, like t lie 
cataplectic patient, will be catapulted into a seizure 
by a hearty laugh. Psychomotor epileptics, 
whose seizures emanate from the temporal lobes, 
do not go into moments of unconsciousness, but 
live through episodes that resemble waking dreams 
which they do not remember. Because certain 
seizures occur only during sleep or drowsiness, 
EEGs have been used in diagnosis for about 25 
years. Until 1958, however, patients never slept 
more than an hour or two in the laboratory, and 
moreover, the electroencephalogrnphers usually 
interpreted t lie HEM stage as a period of wake- 
fulness cn these few occasions when they ga»v one. 
Today, when sleep study is warranted, nightlong 
EEG records are taken and interpreted according 
to recent tlndingson the normal patternsof nightly 
sleep. 

One of the first indications that sleep might bo 
a state of high brain activity, signs that the brain 
did not “go to sleep," came from epileptic seizures 
during sleep. Many decades ago, Dr. J. Hugh- 
lings Jackson, t lie great 19th century neurologist, 
suggested that sleep must lx? an active brain slate, 
after noticing (bat seizures often occurred as a 
person was falling asleep. .Anybody who pays 
some attention as bo drifts ofF to sleep will notice 
occasional muscle twitches, sometimes startling 
body jerks. They are very minor convulsions, 
generally called myoclonus. They arc brought 
about by a hyperactive state that impels certain 
muscles to cent met. Myoclonic spasms nro hardly 
the same as serious convulsions, but they are * - 
lated. A study of the behavior of single bra m cells, 
especially in legions that transmit impulses to the 
muscle system, has locgun to explain how these and 
other seizures may bo generated in the brain. 
AIM lough this work re far removed from the 
clinic and the epileptic himself, a brief description 



may suggest what the nature of a seizure might be 
in its most atomic form — the discharge pattern of 
nerve cells within the brain. 

Single Brain Cell Studies 

Using eats and monkeys as experimental sub- 
jects’, Dr. Edward Ewarts and colleagues at XIII 
hav* placed mwroeh*ctrodos into various brain 
cells in different regions of the brain, taking EEG 
recordings from each cell individually. Whet is 
(the dilTerencc between the cell’s activity in sleep 
and in alertness? Until recently people guessed 
that cells were simply more sluggish, that they 
fired less often during sleep — but this is not the 
picture offered by the cells. Some cells, for 
example, located in the visual cortex, would fire 
more often and respond more rapidly to flashes of 
light in the animal's e}es if he were asleep in the 
REM state, than if he were awake. On the other 
hand, there were certain cells that became more ac- 
tivo when the animal awakened. A sampling of 
many diverse cells showed what might be called a 
division of labor, some firing more continuously 
and rapidly in waking, others firing more often 
and rapidly in sleep. Hut the pattern was not so 
simple. 

Evarts and his associates turned to the study of 
monkeys. They implanted their virtually in- 
visible microelectrode tips into neurons of the py- 
ramidal system. The pyramidal tract descends to 
the spinal cord at the base of the brain stem, and 
this system relays outgoing messages from the 
cortex to the motor system — translating the desire 
to move a foot into the command that moves a foot. 
Here, in the many studies of their survey, they saw 
that cells followed different patterns of fring 
during the different EEG stages of sleep and wak- 
ing. One cell might fire in a regular, continuous 
pattern during waking, but lluctuato wildly hiring 
REM sleep. Many cells elsewhere in the brain 
have shown a random discharge pattern during 
waking, but have tired in cl istcrs or bursts during 
sleep, interspersed with ii vnls of silence. In- 
deed, on closer scrutiny, it emed clmr (hat the 
waking rhythm of certain p\ amidal cells was not 
random. Rather, it appeared that when the 
anim.d was awak^ these cells wc/e inhibited to 
some extent, but win n the animal slept this pre- 
Vn ling damper seemed to be removed. Now, un- 
controlled. the c 11s might discharge hi large 
! u>*\ This h the kind of di- charge that causes 
seizm i-s and slmws up on the scalp EEG as a great 
spike for mation. Further exploration of the 



nature of the inhibiting mechanism that prevents 
great bursts of cell firing now continues at several 
levels. Although the single brain cell is the atom 
of consciousness, many clues into the nature of 
epilepsy must come from molar studies of patients 
(Evarts, 19G3.19G4), 

When dilantin and other drugs fail to .uippress 
intolerable seizures, a person with really severe 
epilepsy will consider neurosurgery, during which 
the source of the seizure is rendered inactive by 
lesion. In many instances the locus is deep and 
can bo found only by placing electrodes within the 
brain and then studying the person's brain wave 
patterns as lie sleeps, as he reacts to stress, makes 
a decision, moves, or perceives clicks, lights, 
touches. At t he Nouropsychiatric Institute of 
UCLA, where over a dozen such patients have 
been studied, it has become apparent that night- 
time seizures rarely occur during the REM dream 
phase. Indeed, they occur especially often during 
stage 2, a period in which the brain waves show a 
wave form that looks like a wire spindle. The 
REM state resembles wakefulness in many ways, 
perhaps imposing the same inhibition upon unruly 
cells, whose activity erupts in the other stages of 
sleep— an hypothesis suggested by both the animal 
study of single cells and the human patient. Un- 
til recently, our picture of brain wave patterns 
from deep sites during specific sleep stages had 
entirely depended upon implanted animals. We 
have had no way of knowing whether the hippo- 
campal pat (eras of cats in REM sleep resembled 
those of dreaming man. Conversely, we did not 
know how to interpret unusual brain waves coining 
from (bo amygdala of a sleeping epileptic. Were 
these signs of abnormality or were they also seen 
in animals during that stage of sleep? 

A happy collaboration between the neuropsy- 
chiatric hospilal and the Space Iliology Labora- 
toiy of W. Ross Ado/ has permitted some rapid 
and jnxiduiibto. comparisons of humans and pri- 
mates. One extremely important discovery has 
centered around activity in the amygdala in man 
and chimpanzee. A diseased amygdala is often 
,iv>oeiated with psychomotor epilepsy aiul is there- 
fore one of (he regions that has bece probed with 
electrode in c rtain cases. As recent studies nave 
indicated, the sleep < ' the chimpanzee elo-elv re- 
sembles that of nan, but so ne pat terns found ii v 
(lie chimp and . 1..111 have not Ivon seen in other 
animal 2 , not even monkey?. Thus we must bo cau- 
tious about generalizing »rom lower animals to 
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man. One particular observation in the chimpan- 
zco laboratory, however, has clarified a potentially 
disturbing brain wave pattern seen in epileptic 
patients. This was a discovery of spindling pat- 
terns in the amygdala of a sleeping chimp. When 
similar bursts emanated from the amygdala of a 
patient, they might have been mistaken for abnor- 
mal signs had the neurosurgeons not known that 
the same spindling was found in normal chimpan- 
zees. The recent finding, in I)r. Adcy’s laboratory, 
that the amygdala may participate in the periodic 
cycles that form our nightly sleep, joints to this 
frontal region of the brain as a point of particular 
interest in future studies of sleep, elucidating the 
mechanisms and the sources of many abnormali- 
ties — epilepsy and narcolepsy among them (Adcy 
ct ah, 1063) . 

Summary 

Sleep disorders and disorders occurring within 
sleep have provided spore for the scientific hunter, 
suggesting where to look for the normal mecha- 
nisms of sleep, and hov they might work. Most 
disturbed sleep lias had its counterpart in a dis- 
ruption of waking behavior, hut only in die last 
few years have we begun to look at the particular 
symptoms of troubled sleep for help in diagnosing 
disturbed behavior and for guidelines in our thera- 
peutic techniques. Insomnia, the most widespread 
complaint, is a good example. The difference be- 
tween people who cannot fall asleep, and people 
who cannot remain asleep may prove to stem from 
two separate neurophysiological defects — suggest- 
ing that the sedatives used for one insomnia may 
be inappropriate for the other. Hemandcz-Peon 
suggests that emotionally triggered insomnia and 
inability to fall asleep may spring from an exces- 
sive activity within a brain area producing arousal. 
T lie inability to sleep through the night, oil t ho 
other hand, may com? from an insufficient chemical 
supply within a sleep engendering system in the 
brain, making it incapable of holding dominance 
over arousal. Imaginary insomnia, at least inso- 
far as our slim evidence now tcUa us, may 1 fleet 
an unusually tight sleep or ev en unusual jx»riodic- 
ity among the EKG stages of sleep. Yvhmi we 
have learned more about t lie chemical and neural 
mechanisms of normal sleep we will he in a Utter 
position to treat the many psychological aberra- 
tions that nnroinpinj these disorders, forsh cpdi> 
order docs n«»t evur in i-ohtinn fr« in the re ' nf 
life. Eve 71 udng todays scanty and rc<cnlly re- 
quired knowledge ef rsleep paltc.ns, it has l>cen 
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possible to dispel the fearsome mystery of narco- 
lepsy and outline more sensible procedures for 
diagnosis and treatment. 

Because sleep loss : tins to be so generally de- 
structive to the mentally or phy. ically ill, and 
because of the evidence about the impact of sleep 
starvation in normajipeople, it might sc cm reason- 
able to prescribe slc*4 j therapy for many disturb- 
ances. Sleep therapy has indeed been used in 
Europe, Russia, and South America for people 
suffering psychological disturbances, the long pe- 
riods of sleep induced usually by sedation 
(Andreev, 1960). 

More recently, some investigators have talked 
of using electrical stimulation instead of sedatives. 
Sleep has been induced in animals by direct stimu- 
lation of certain brain regions, but the evidence 
from human studies, using surface contacts, bus 
been i nconcl usive. There has been some confusion 
about electrosleep, or elect ronarcosis, and elec- 
tron nest lies) a. 

The Russians, using a device similar to an elec- 
troauesthesia machine long employed in European 
animal laboratories, have been credited with pro- 
ducing a sleep with such restful qualities that 2 
hours would suffice for S hours of sleep. Widely 
mentioned as a substitute for nightly sleep, (lie 
“Elcktroson” or similar devices were tried by a 
few American sHenthts. ri he portable device 
generates low-frequency pulses throng 1 Ice* codes 
on the eyes and oceipi* 1 region of the scalp, pur- 
portedly to create rhythmic stimulation of the 
nerve evils in the cerebral corl< . l ifoi Innately, 
tliissituation docs not inevitably prodm c sleep, and 
although the specifications of the device say that 
it is intended for inducing sleep electric illy, some 
people in contact with the Russian investigators 
feel that sleep is a misnomer, and that the device 
was never intended to induce natural sleep. It is 
widely used throughout Russia in hundreds of 
clinics and ‘'sleep stations,’ 1 for treating headaches, 
insomnia, certain forms of schizophrenia, epilepsy, 
stomach ulcers, mid neurotic symptoms following 
head injuries. As a device for “renting (lie central 
nervous system," in people with mental illness or 
p>velio?onutic disorders, the Russians evidently 
find tins an efficient nn«l successful met link Vn- 
foit unntelv, taking literally the word Sleep" as 
mod in t lie literature describing the Hlektroson, we 
have concent rated our attention \\\ «.n the fact that 
when tinned off, the .simulation h id not usually 
left (he person hi natural sleep. Dr. Sigmund Knr- 
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ster, at New York Downstnte Medical Center, 
found that only half of his subjects fell asleep 
after electrical stimulation, but patients with mus- 
cular disorders experienced relief from symp- 
toms. So few systematic studies have been con- 
ducted in this fruitful and interesting area that 
it has been hard to assess the results. Dr. James 
A. Lewis at Brooks Air Force Base, San Antonio, 
Tex., has reviewed much of the electroslecp litera- 
ture, but this solo review is as yet unpublished. 

Electrosleep, as judged by EEGs is not the 
same as natural sleep, nor, in a more subtle sense, 
is the prolonged state that is entered under heavy 
sedation. Recent sleep researches have begun to 



describe how we alter the natural pattern vitli var- 
ious drugs, changing the brains activity during 
the several sleep stages and thus, perhaps, affect- 
ing many body functions including metabolism. 
Sleep no longer looks like a unitary process, and 
sleep disorders appear to arise from many dif- 
ferent sources — involving the behavior, training, 
environment of a person, his body chemistry, and 
activity at various sites within the brain. Sleep 
therapy in the future will undoubtedly be tailored 
to the specific disorder as we discover more about 
the little-known chemistry of sleep and the way in 
which body chemicals exert their influence on *he 
brain. 
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Mandragoras . , . the ? oot seems to be a maker of love medicines. There is 
of it one sort that is fo emails which is black . . . /Jut of ye male , and while, 
which some have called Norton , ye leaves are greater . . . sweet smelling with 
a certain strong ness which also ye shepherds eating are in a manner made 
asleep . . . And some do sccth the root# in wine to thirds and straining it set it 
up. Using a Cyathus of it for such as cannot sleep, or are grievously pained . . . 

Celsus 

Mandragorac . . . This is of a strong Narcotic Quality, and is mentioned in 
some ancient Writers as convenient to be given be fort an Amputation, to deaden 
the Sense of Pain by stupifying the Patient: but modern Practice owns it not 
for any such use. It is . eckoncd cooling in external Applications, 

John Quincy, 1745 



Chapter V. The Chemistry of Sleep 



Whatever elixir of mortal juices helps to 
prompt a wholesome nightly sleep, it must have 
been inadequate in 1064, for difficulty in sleeping 
was a boon to the American drug companies. Ac- 
cording (o an estimate from one company, private 
consumers spent about $S0 million on sedatives, 
and this figure included only major prescription 
sedatives, not over-the-counter drugs, or the siza* 
ble purchases of hospitals. 

In answer to the public clamor for aid in illness, 
in transitory or prolonged insomnia, the prescrip- 
tion market ottered a sophisticated array by any 
past standards, Xot so long ago the family physi- 
cian might have prcscriljed chloral hydrate or u a 
good stiff drink” in most instances. Today seda- 
tion is no; so simple (Lester, 1000). The doctor 
might distinguish between the insomniac who 
wakens periodically and the person who cannot 
sleep out the night. One case might warrant a 
drug that induces rapid sleep onset, and the other 
a drug that tends to maintain sleep. 

Still, the refinement suggested by our present 
err, 1 )’ of drugs does not belie the fact that we con* 
tinuc to remedy sleep disorders in a relatively 
primitive fashion, and that even what we call in- 
somnia has many roots, whether it be a transient 
emotional upset, a facet of depression, of old age, 
or the prelude to acute schizophrenic breakdown. 
Primarily, these have different mcfaKdic and non* 
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ral origins, and each demands drugs with particu- 
lar properties. The brief description of some 
major sleep disorders in a preceding section may 
indicate the variety of diflez-ent things that can go 
wrong, each hinting at a specific therapy. 

In our present and rapidly growing picture of 
sleep events, it looks: . though some people, nar- 
coleptics among them, would be benefited by drugs 
that increase a particular phase of sloop — the REM 
period of dreaming. Entireties and somnambu- 
lists appear to need very different phr miaceutical 
help, perhaps lightening sleep. Others, among 
them certain depressives and epileptics, may re- 
quire chemicals that help to stabilize their sleep 
phases. Schizophrenic patients may need drugs 
that enhance REM sleep before the omens of 
acute episodes. 

These are, of course, only guesses at the moment, 
omitting large and unexplored factors from or- 
gans such as the liver, glandular systems produc- 
ing hormones, the role of learned behaviors, and 
physiological response to the environment. They 
may, however, illustrate the new approach rapidly 
entering the treatment of disorders which have, 
as one noticeable component, symptoms in sleep. 

As we Ivgin to face in greater detail the task 
of countering nature's mischiefs, there are throe 
lines of current research that offer a heartening 
prospect. Although this is a crude designation, 
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they might be considered together as investiga- 
tions of the biochemistry of sleep. Using chem- 
ical stimulation directly on the brain to elicit sleep 
and wakefulness, some investigators are attempt- 
ing to decipher the chemical codes involved in 
neural activity and determine their anatomical 
sites. Others have begun to detect chemicals 
generated within the body or the brain that Influ- 
ence sleep and allied behaviors; the detection of 
these chemicals olTers some hope that we will learn 
to synthesize and use them. Finally, in studies 
that have a ti immediate and practical outcome, 
some researchers are ferreting out the specific ac- 
tion of the drugs ure commonly use, and indeed 
the effects of diet. The promises and pitfalls of a 
good deal of this recent work Ime been reviewed 
by Arnold Mandell, with reference to the KKM 
stateof sleep (Mandell, 10G5). 

Little enough is known about some of our most 
common sedatives. However, impact on behavior 
has been one very useful gauge by which we can 
distinguish between drugs. During recent years, 
both sedatives and tranquilizers have been given 
lo patients to help them sleep. At the level of 
anecdotal observation, there seems to be quite a 
difference in result. Some clinicians have com- 
mented that many patients who come to the clinic 
asking for sleeping pills, in retrospect seemed to 
be suffering from the symptoms of incipient men- 
tal illness. Given barbiturates for sleep, sonic 
may become depressed and even suicidal (I)ctre 
it ah). 

There seems to be little evidence on this point 
at the moment, although a very large number of 
Americans take their lives each year by swallow- 
ing an overdose of sedatives, some of them inad- 
vertently, it is said, while acting in a sedated con- 
fusion. There are over 20,000 suicides a year in 
the United Stales. A mai v-faceted study of sui- 
cide under the direction of Dr. Edwin S. Shneid- 
man at the Suicide Prevention Center in Los An- 
geles has already suggested that disturbed sleep 
may be one of the patterns preceding a suicide 
attempt, although any influence of specific hyp- 
notic drugs has not yet been revealed. 

Drugs ere commonly given to institutionalised 
schizophrenic patients to help them sleep. Ironi- 
cally, some of tlie barbiturates tliat induce Arep 
in the pi'icnt are imt tlirmpcnt ic and actually 
appear t<> make him worse. Such has l>cen the 
observation of an N 1 1 1 team at St. Elizabeths 
Hospital in Washington, I).0. What is the mean* 
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ing of these reports? Some recent studies are 
beginning to point to differences between barbi- 
turates and tranquilizers. 

A series of behavioral studies by Dis. Conan 
Kornetsky, A. Mirsky, and their associates at Bos- 
ton University Medical School have been devel- 
oped in the hope of determining what regions of 
the brain may be affected by psychotic! ive drugs. 
They began by seeking tests that discriminate be- 
tween drugs that depress attention ami those that 
depress intellectual or cortical activity. Experi- 
mentation and long use suggested that a segment 
of an early IQ test (the Digit Symbol Substitu- 
tion Test) was a good measure of intellectual func- 
tioning, ami it was short and easy to administer. 
On tlie test, the subject is given a code by which 
he matches symbols with numbers on a grid. 
While sensitive to intellectual performance, this 
test would not catch lapses of attention. By con- 
trast, the Continuous Performance Tc.-t asks the 
subject to give unremitting attention to a stream 
of signals, aim to respond to certain ones. Here, 
the omissions of brain-damaged people, or the 
sleep-starved, or those taking attention-depressing 
drugs were detected. By using these two tests it 
was possible to divide psychoactive drugs into 
those that alTect attention and those that atTect 
cortical activity (Mirsky and Kornetsky, 1001). 

Two drugs — one a tranquilizer (elder proma- 
zine) and the other a barbiturate (secobarbital) — 
seem very similar on the surface, for both produce 
calm and drowsiness and may leave a slight bang 
over. Compared by these two lost?, however, they 
are opposites. The tranquilizer reduces attention 
without damaging intellectual function: tlie bar- 
biturate, on the other hand, leaves attention un- 
diminished but reduces intellectual performance. 
This suggests that while Dot li drugs may induce 
sleep, they may act upon different parts of the 
brain and perhaps different chemical brain sys- 
tem?. This laboratory is developing apparatus 
that will make it possible to give those, two tests 
to animals. Once there are parallel tests for drug 
) espouses in animals and humans we may be able 
to test drugs on animals and predict more accu- 
rately how they will affevt pvo[ le. 

Tlie i rent work at Ihvtmi University may sug- 
goH one reason why sohj/nplm nio patients have 
Ivncfittrd f i -< >111 tianquili, is more than sedatives. 
Clihirpnunazinr givui to a normal person will de- 
press attention so that he makes many emus on 
the attention test, as if lie had been deprived of 
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sleep. The schizophrenic oil the same dose, shows 
no loss of attention in comparison with his un- 
drugged performance. Perhaps his problem is one 
of too much neural alertness. 

Chlorpronuizine helps a schizophrenic pat.ent 
sleep without intensifying his psychosis. A num- 
ber of investigators ha'*e anticipated that there 
would be a visible difference in the KEG sleep pat- 
terns produced by tranquilizers and sedatives 
(Freeman et al., 19G5). In one study of hallu- 
cinating schizophrenics, a St. Elizabeths’ team 
saw that both drugs diminished the amount of 
REM time in the sleep of psychotic patients but 
that the barbiturate, phenobarbital, significantly 
reduced the amount of eye-movements that oc- 
curred in the REM stage. Moreover, when the 
tranquilizer was discontinued, the patient seemed 
to compensate by increasing REM time, but no 
such increase followed (lie removal of phenobar- 
betal. 

Well known studies of dream deprivation hav> 
suggested that mood and behavior can be banned 
by significant reduction in REM sleep, and that 
a person will compensate with mo?*e REM sleep 
once the deprivation is over. Thus, tentatively, a 
number of investigators have looked at REM 
sleep as one kind of index of the effects of drugs 
or alcohol, permitting at least the loose prediction 
that continued loss of REM time will have unde- 
sirable waking effects. 

Alcohol 

Alcohol at bedtime does indeed diminish the 
duration of REM periods during the first hours of 
sleep. ( Greff 1 am et al., 1D03) . Some years ago, 
it was speculated that tho alcoholic's i)Vs might 
bo the hallucinations of waking dream?, breaking 
through after years of continued dream suppres- 
sion (Greenberg and Pearlman, I9G4). A similar 
conjecture was made about barbiturate psychosis, 
and more recently about amphetamine psychosis 
(Kaufman et al., 3PG4). 

Dexedrine 

Dexedrine, ike alcohol or barbiturates, dimin- 
ishes the amount of REM sleep. Dexedrine caused 
restless sleep n volunteers. It could be counter- 
acted by eoml i nation with phenobarbital, but the 
amphetamine continued to oppress dreaming 
time. M lien he same subjects Merc observed on 
subsequent nights, without medical ion, they 
seemed to eon pensato for the loss, spending more 
time dreaming than they had liefore on baseline 
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nights without drugs (Rechtsehaffen and Maron, 
10GI). It was as if they had developed a ‘ need” 
for REM sleep and this REM hunger, so to peak, 
may help to explain the psychoses of habitual alco- 
holics, barbiturate addicts and dexedrine taker's. 
Temporary psychoses are not uncommon after 
taking these drugs and sometimes the individual 
may bo suffering the effects of all three by the 
time lie comes to a clinic or mental institution. 

Dexedrine is currently used for appetite control 
in daily closes, and tho attempt to lose weight in 
this way can be the start of a vicious circle. While 
depressing appetite, amphetamines also enhance 
wakefulness. The weight loser may, therefore, 
begin taking barbiturates at night in order to 
sleep. Rut some sedatives leave a hangover of 
sluggishness in the morning and therefore the per- 
son may increase his dose of dexedrine, only to find 
that he subsequently needs heavier sedation in 
order to sleep. Among the patients recovering 
from such drug psychoses in mental institutions 
are physicians, whose self-medication escalated in 
this manner, starting with on effort to lose weight. 
Have people—on drugs as different ns barbiturates 
and a m phet a. nines — finally reduced their REM 
time so that an irrepressible need to dream ex- 
presses itself during waking and disrupts tluir 
behavior? 

The answer probably lies in the presently un- 
folding area of neurophysiology, where it is be- 
coming clear that deprivation of REM sleep can 
produce strange effects even in cats. Michel 
Jouvet and his associates of Lyon, by surgically 
damaging the pontine reticular formation in cats, 
have removed from the cats’ KEG repertoire the 
pattern corresponding to th? REM phase. These 
cats sleep the sleep of synchronous EEGs but, 
unless the damage heals and they begin to show 
tho equivalent of REM sleep* they begin to act 
as if they are hallucinating, and eventually they 
die (Jouvet, 19G0, 19G3). Prolonged reduction of 
REM sleep may indeed play a role in the depres- 
sions that often follow in the wake of amphet- 
amines and in the psychotic symptoms of sustained 
used. Tho psychological loss of dream content 
may lv some part of the disturbance, and 
possibly (he suppression of a normally recurrent 
EEG phase signif.es. as well, the suppression of 
a normal electrochemical sequence, a cycle that 
may participate in brain and body metallisms. 
The evidence, in any event, suggests caution in 
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the use of amphetamines and especially in self- 
medication. 

Barbiturates 

A similar caution should apply to the use of 
barbiturates. Xot only have they been shown to 
reduce BEM sleep, and in modern's amounts in- 
voke some intellectual impairment on a behavioral 
test, but there is some additional data that suggests 
their mode of action in the brain. Dvs, Burton S. 
lvosner, Truett Allison, and William Goff, used 
barbiturate anesthesia to filter out (totally oblit- 
erate) one portion of the EEG response that the 
brain will emit after a sensory signal. In some 
studies subjects were administered an extremely 
mild electric shock on the skin — during waking, 
through all stages of sleep, and under drugs. The 
individual’s EEGs, just after the repeated stim- 
ulus, were averaged so they could bo seen clearly 
and then analyzed. Although the brain’s response, 
as seen on the EEG, lc steel only a few tenths of a 
second, it combined a sequence of responses from 
different pails of thebrain. 

First, roughly speaking, came the response of 
the specific nerve pathways that conveyed the 
shock from the wrist to the brain, Then, later 
in the script, came the emanations from more cen- 
tral regions— diff.no projection systems connected 
with the cortex. This progression has been ascer- 
tained by data too voluminous for enumeration 
here, but it meant the firs 1 letter, so to speak, in 
the EEG script registered the fact that sensory 
signals were received in the brain. The subsequent 
letters signified the activity needed in processing 
the sensory signal into something meaningful — 
perception. Under even light barbiturate anes- 
thesia, the response of the specific sensory path- 
ways was if anything enhanced, but the integra- 
tive. segment of the response was eradicated. This 
might explain why the EEG would register a pro- 
nounced response to a touch, yet the person would 
feel nothing, and why in surgery there is no 
awareness of pain, although the brain receives the 
signals from the body. Even in deepest oblivion 
of staga -1 sleep the integrative portion of (he 
brain's response registers on flic EEG — albeit later 
and larger than in other stages of sleep. 

This suggest si hat some kind of mentation is oe- 
c nr ring during the deepest natural sleep, which 
may not occur under barbiturates. Current stud- 
ies may point to the anatomical loci I lint are in ad i- 
vated by li.iihil in ate a nest lie- ia and are i bought to 
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lie in the diffuse projection systems. Thus, the 
vanished portions of the EEG rest on sc may help 
to explain several peculiar phenomena that have 
been noticed in people under barbiturates. 

People have shown impaired intellectual capac- 
ity on tests. Habitual users of barbiturates, 
moreover, have reported they sometimes lose their 
time sense after taking sedation, and will awaken, 
not knowing the time nor how many pills they 
have already taken, but will automatically reach 
for more pills. It seems likely that some of these 
people have been involuntary suicides. Within 
the banished portion of the EEG response there 
may also lie a clue to some of the reported afteref- 
fects of sedation — the so-called hangover. It is 
still pure conjecture, but not unreasonable to as- 
sume that brain activity in sleep plays a role in 
regulating body functions, metabolic cycles and 
the progression of biochemical transformations 
that- occur unceasingly throughout life. If barbi* 
turates alter this brain activity, they may bo alter- 
ing at the same time many other physiological 
functions. The several studies cited here should, 
if nothing else, indicate that barbiturates do not 
merely induce sleep — Tor it now looks as if barbi- 
turate sleep may be missing a component that 
usually occurs ill natural sleep. 

Barbiturates are only one class of drugs used in 
treating sleep disorders. In final analysis a wise 
use of these — and all centrally active drugs — will 
depend upon discovering how and where they per- 
form their action within the central nervous sys- 
tem. It will be quite some lime before there is 
such an assay of commonly used drugs, although 
many investigators have begun using KEG tech- 
niques to examine th 'ir effects. To a great extent 
evoked potential studies must be performed upon 
animals, for only implanted electrodes can reveal 
changes within small, specific areas deep inside the 
brain. Walter Hosenblith and his associates, for 
instance, have used hair-fine electrodes to dot er- 
mine how chloralose and nembutal affect the motor 
cortex in eats. They would stimulate the paw of 
the animal and record the EEG response. The 
brain response would l>c considerably enha^ood by 
oliW;ib*c*. hut diminished under nembutal. A 
glowing literature of such *■ Indies, beyond the 
?> 'ope of this? report, i* beginning to increase the 
armamentarium of the pharmacologic s, rml hope- 
fully will soon allow clinicians to make more fully 
informed choices in selecting sedation and anes- 
thesia for particular patients. While basic non- 



rophysiologiertl and behavioral studies are begin* 
ningto say more about the specific action of clings, 
these studies arc often inspired by in for mat ion 
drawn from clinical studies. 

Antidepressants 

The treatment of enuresis — bedwetting — lias re- 
cently evoked seme interest in the properties of 
imipramino, an ami depressant. Drs. Keith S. 
Dit man and Alvin F. Poussiant, at the. UCLA 
Xenropsveliiatvic Institute, have administered this 
drug to children who were incorrigible bedwetters 
and found that So percent of their volunteers 
stopped bedwetting. On the other hand, they also 
became somewhat- irascible. This is an interesting 
finding. The investigators believed that imiprsv 
mine enabled some bladder relaxation, and there- 
fore greater fluid capacity, but also that it light- 
ened sleep, acting as a mi 1 . imulant, so that the 
child was able to awaken when he needed to go to 
the bathroom. 

Two or three years earlier Dr. Roy Whitman 
and his associates at the Univeiv'y c. Cincinnati 
had shown that imiprnmine significantly 
reduced REM sleep time in adults. In a study of 
dream content, under several drugs, the ore very 
consistent finding was that people taking im- 
iprnmine reported a striking number of hostile 
dreams (Whitman et a!., 1061), The irritability 
of the children taking the drug might conceivably 
In 1 , related to the ieduclio a : of REM sleep. lint 
this does not explain hostile dream content, or the 
fact thu die drug has an enlivening effect on de- 
pressed patients. The observations suggest that 
the BEG phases of sleep may be 1 emulated by 
ncur.nl centers also involved in invoking moods, 
and that the processes affecting sleep affect emo- 
tianal tone as well. If mood and sleep are inter- 
locked ?n the same processes, a certain degree of 
activation might generate cheer, although a greater 
degree of excitation might become manifest as 
irril ability. The impact of a drug undoubtedly 
depends upon the initial stale of the |>erson — and 
n depressed person may indeed rvuiue artificial 
excitation in order to t D p to a normal level, where- 
as a normal adult or child might be subjected to 
overexcitement by the same dose. 

Questions about brain-nu 'alxdism have been 
raised by (he effects of another antidepressant, 
‘•Iproniazid.'* In 10**7, Dr. Nathan Kline of Rock- 
land State Hospital l*ogan testing ambulatory 
depressed patients with t Lis drug. After a time 
the report was made, several such patients bad 
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such reduced dcsiro to sleep that they bad been 
averaging three to four hours a night for we 1 over 
a year (Kline, 19G1) . Iproniazid, and other mon- 
oamine oxidase inhibitors tested since, may en- 
hance the action of serotonin and the stimulant 
norepinephrine in the brain, possibly promoting 
more efficient brain metabolism (Murray, in 
press: Ikiilcy, et ah, 1939). 

Tlie EEG pattern of normal sleep — as roughly 
judged from the hundreds of nights on record — 
has laccome one of the riders against which drug 
effects are measured, and particular emphasis has 
been placed upon the amount of REM sleep. 
Many drugs suppress REM dreaming. At the 
same time current studies of narcoleptics, of drug 
psychotic**, nnd alcoholics suggest that these people 
need a drug that increases dreaming. Before 
therapists can prescribe more dreaming, such a 
pharmaceutical must be found. 

LSD-25 

The hallucinogenic properties of LSD-25 have 
suggested tlmt it might increase nightly dream- 
time. In an initial study, using cats as subjects, 
Dr. J. A. Hobsor of NIH found no increase of 
REM lime. Instead, the LSI) had an arousing 
effect, so much so that it deterred the animals from 
sleeping (Hobson, lOGi). This was a discouraging 
result, but it underlined a difficulty that must bo 
particularly common in research oil psychoactivo 
drugs. As more recent studies have pointed out, 
.Wage is a critical factor. In small enough doses, 
LSD appears to have the. dream enhancing 
property that was exacted. 

A team working r.t (he Columbia University 
School nf Medicine bus succeeded in greatly in- 
creasing the length of particular REM periods at 
(ho height of the drug's action (Muz-io, EotLvarg, 
and Kaufman, 1PCJ). This was a 1 man study, 
a? 1 the 12 volunteers were studied over a year. 
At first the attempts seemed doubtful. The do=o 
had to l>o modified for each individual. This ad- 
justment sometimes took 10 successive attempts, 
and each session had to be spaced long enough 
after the previous trial so that all traces of the 
drug would have worn off. 

The dosages were very small, ranging between 
(1.1 fi 0.7.1 meg. per kilogram of lxidy weight, about 
the equivalent of one five-hundredth of an aspirin. 
A few volunteers showed n spcc'aenlir increase in 
total REM sleep. One subject, given his tiny 
amount of LSD, tripled the length of his second 
HEM period. Several others doubled their first 
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or second REM periods. It has been postulated 
that dreaming may bo triggered by a nenrochem- 
ical that acts upon the brain stem reticular and 
pontine-limbic systems. Perhaps LSD acts upon 
these centers and bears some family resemblance 
to an intrinsic dream triggering chemical. Since 
LSD lias increased REM sleep in humans, we can 
now hope to develop a drug therapy for people 
who need to “dream moiv,” perhaps one that can 
be used in conjunction with the numerous hypnot- 
ics that wc now know suppress REM sloop. 

During the last year another subject in another 
laboratory responded to LSD with an increase in 
REM sleep (Green, in press). The investigator ob- 
served that the pe ;on also showed somewhat more 
body movement than usual and more vocalization 
in sloop. The dosage in this instance (300 meg.) 
was truly huge by comparison with that of the 
previous study. Underlying the problem of dose 
adjustment to an individual are a host of compli- 
cated factors, his constitution, his personality, his 
metabolism, and many others. The great varia- 
tion in the human population makes it difticult to 
general izo at an early stage of exploration and 
predict how any specific individual will react to 
a given amount of tho chemical. Similar varia- 
tion lias been observed in laboratory animals and 
has recently become the focus of study (Brown 
and Shrync, 1 OG 1 ) . 

Some of ti e changes in brain function caused 
by LSD and other hallucinogens have been ex- 
amined in EEG studies of animals and human? 
(A dev ct ah. 19G2; Chapman et ah, 1902). These 
are among the. studies offering clues to the regions 
of the higher mammal brain that generate hal- 
lucination and may help ns determine how the 
brain performs as wchallucinatc or dream. Surely, 
investigations of “dream enhancing chemicals'’ 
are bound to increase because of their potential 
medical benefits and because of the light they may 
shed upon the nature of the REM cycle itself. 

LSD is a know n hallucinogen, but another chem- 
ical that can act as a depressant, reserpine, has 
also increased REM time in people although it 
has had nn opposite r fleet upon cats ( Hartmann, 
1903) . Rocrpinc releases a natural nenrochem- 
ical, serotonin, whose j>ossiMo role in sleep and 
dreaming is currently causing some interest, 

A Ponibfe Hypnotoxin 

In the pursuit of chemicals with special and 
remarkable properties— like dream enhancement — 
there has been a growing interest in some com- 
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pounds that are produced within the body. By 
what chemicals does the body produce sleep? 
Where are they manufactured and stored? How 
do they metabolize? We might achieve a truly 
refined control of sleep disorders if we could simu- 
late the body’s own biochemical behavior. To- 
ward this ultimate goal, a number of current re- 
searches have been exploring the properties of 
sex hormones, of gamma-hydrox} butyrate, a 
metabolite of GABA, and the cerebrospinal fluid 
of animals in various states of sleep, sleep starva- 
tion, or dream starvation. 

In the early part of our century It was widely 
conjectured that sleep resulted from a toxin, per- 
haps generated by tho fatigued body. In 1910, 
a ‘‘hypnotoxiil 5 * was reported by JjcgeiidvQ and 
Pieron (Kleitman, 1903). Cerebrospinal fluid 
from a sleep-deprived dog caused drowsiness and 
other symptoms of sleeplessness in a normally 
iv.stcd animal while spinal fluid from a rested 
animal had no such efl'ect. Quite a number of re- 
lated experiments followed, but there was a seem- 
ingly insuperable difficulty: animals gave a de- 
pressed reaction to injection, whatever the injec- 
tion contained. The idea that sleep could be trans- 
mitted from a sleeping animal to an alert one by 
some body chemical manufactured during sleep 
was in general disrepute for some time. 

Recently, however, tho trick seems to have been 
accomplished by Drs. M. Monnicr and L. llosli 
of tho University of Basel, Switzerland. A din - 
lysate of brain blood from a sleeping rabbit 
caused sleep in an alert one (Mourner. 1DGJ). 
Moreover, a dialysate of the venous ccrcbnl blood 
from an alert creature produced arousal in a sleep- 
ing recipient. Since tlu donor animals were put 
to sleep by elect ideal stimulation to the thalamus 
and alerted by stimulation of the reticular forma- 
linn, sham stimulations were lwcd a>: controls. 
Dialysatc of sham stimulation produced quite dif- 
ferent results in the receiving animals. This is 
perhaps a first step in discovering a general 
hypnotic within tho cerebral blood of a sleeping 
creature. Dialysis, a » rocess of filtering liquid 
through a membrane, removed the heavy colloidal 
particles fioin the blood— but the remaining mix- 
ture is complicated, indeed, and wc are a long way 
from knowing which compounds may lx* the ac- 
tive ones. Still the search has a great appeal, for 
tho isolating of .a natural and general hypnotic 
could help us to unravel the chemical process of 
sleep and oiler sensitive control over sleep. 



In a related vein, Dr. W. C. Demejit and his as- 
sociates at Stanford University have been attempt- 
ing to find a postulated neurochemical that may 
trigger the dreaming phase of sleep. A descrip- 
tion of this work will make more sense within 
the context of a section on REM sleep. 

Although searching the cerebrospinal fluid or 
brain tissue for signs of a particular chemical effect 
may seem horrendously difficult — worse than look- 
ing for a needle in a haystack — there is a certain 
advantage to finding an effect within spinal fluid, 
an advantage that does not obtain if the chemical 
is found elsewhere in the body. If substances that 
engender dreaming or sleep ca” he detected within 
spinal fluid, these will bo distinct from other body 
chemicals with the same effect. One reason is the 
well-known blood-brain barrier that prevents many 
substances in the blood from entering the brain. 
The existence of this barrier is well documented, 
but its nature remains something of a mystery. 
Sometimes if appears to be a matter of delay, pre- 
venting a rapid exchange from the blood to the 
brain. Even when a compound produces its ef- 
fect — sleep, or dreaming — after direct injection 
into the brain, there remains some question about 
the form in which it naturally works in the body. 
Chemicals in the body can undergo a chain of trans- 
formations with lightning speed : Does the injected 
form of a chemical act directly upon the brain 
cells, or is the effective chemical some metabolite! 
This prelude may outline the background of a con- 
troversy that surrounds one of the exciting new 
compounds in the realm of sleep. 

Gnmmo -hydroxy butyrate 

Ganuna-liydroxvbutyrate may be called the 
center of the interest, one of a family of structur- 
ally related compounds that have been shown to 
produco REM sleep, or paradoxical «leep as it is 
known in anim.ih. If has l>ocn used as n” anes- 
thetic and has no hangover effect, and is being in- 
vestigated as a possible “hibernation” drug for 
man in space. It is related to a naturally occur- 
ring IkhIv chemical (Gannna-amino-bntyric-acid) 
GAEA, and controversy f ages about the ques- 
tion: Docs this chemical, or its lactone form, exist 
in the brain or body organs in enough quantity to 
become a natural hypnotic? The answer may be 
that it metabolizes so rapidly that it is generated 
only on demand. Drs, Samuel Bcssmnu ai d 
Sandra Skolnik at the University of Marvin d 
have found that injection of the lactone fonn is 
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particularly sleep-inducing and that lactone may 
bo produced from a known body chemical by a spe- 
cial enzyme in the liver— perhaps a eluo to the 
drowsiness, depression, and even coma that some- 
times attend liver disease (Bessman and Skolnik, 
1DG4). Other investigators at Yale University 
have not been able to find it in the blood or brains 
of laboratory animals by gas chromatography, pos- 
sibly because its metabolism is too rapid (Giarman 
and Roth, 1DG1). GHB, injected into animals, can 
bo detected in their breath seconds later. 

While the controversy over its endogenous 
origins goes undecided, Gamma -hydroxy butyrate 
will :ontinuo to be the focus of excited study. At 
the University of Maryland, Drs. Robert Vidaue, 
Gerald Klee, and Russell Monroe are investigating 
its effect, in different doses, on people. So far 
they have found that it produces an EEG pattern 
similar to that of chloralose — with a quick ap- 
pearance of paroxysmal theta and delta waves pre- 
ceding sleep. Given intravenously, another form 
of tli is chemical — sodium 4-hydroxy -butyrate — 
produces sleep within 10 minutes, in France, the 
compound has been used ns an anesthetic in many 
thousands of people, but in combination with mor- 
phine or other analgesic. 

An anesthetic with no hangover can be a mixed 
blessing. When the drug has worn off the animal 
or person will quickly awaken, and move around. 
ITc will not show the sluggishness caused by Lar- 
bitnrates. On the other hand, the groggy after- 
math of the barbiturate may dull the experience of 
pain. After GHB anesthesia, the pain occurs ::.j 
j * t llv as awakening, a reason for administering 
an analgesic. 

EEG studies with animals have indicated why 
these two kinds of anesthesia produce smcIi dif- 
ferent effects, ihe clue can be seen in the brain- 
wave response to a stimulus. During barbiturate 
anesthesia the cortical or integrative part of the 
KK(t response is obliterated, although the re- 
s| n-c ivpre ruling reception of scn*ory signals 
actually appears enhanced. Under barbiturates, 
it would seem, the sensory signals get into the 
brain but are never transformed into perception. 
Under G1IB or related compounds the opposite 
seems to occur. The sensory signals do not seem 
to enter ti e brain and the integrative functions re- 
main m. diminished. Thus, the one apj>cars to de- 
press functions necessary to awareness the oilier 
to censor the actual inp it of the sense*. 

•fid 
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Herein lies the key to some of the excitement 
about this new family of chemicals. Unlike the 
barbiturate, it leaves integrative cortical func- 
tions inLict. Judging from EEG responses, it 
would seem to produce an effect in the brain that 
is congruent with the response pattern of REM 
sleep. 'Lie EEG responses give the signs that it 
inhibits sensory input, without diminishing inte- 
grative functions* This is exactly the kind of 
EEG response pattern observed many times by 
many investigators in subjects during BEM 
(paradoxical) sleep. The property of censoring 
incoming sense signals while leaving integrative 
functions alone may be an important attribute in 
any hypnotic that will not suppress dreaming. 

Experiments with gammabutyrolactone have 
shown that it will induce paradoxical sleep in eats. 
This finding about this chemical and some, of its 
related compounds lies prompted considerable 
study. In point of fact, the studies began several 
years ago in Lyon, in both acute and chronic cats. 
In an acute experiment the procedure necessarily 
terminates the life of the animal, whereas the so- 
called chronic animal may be observed in the lab- 
oratory for weeks, months, or years following * lie 
experimental procedure (Jouvet ct ah, 19G1). 
More recently acule experiments of the same sort 
have b(on performed in Tokyo (Matsuzaki et ah, 
19GI). Intravenous injections of sodium butyrate 
and related compounds were used to induce para- 
doxical sleep in cats whose brains had l>eeii tran- 
sected at the mesencephalon as well as in intact ani- 
mals. The chemicals elicited paradoxical sleep in 
cats with midbrain transect ions, as well as in intact 
animals. 

Whatever its usefulness as a tool in deciphering 
the mechanism of REM dreaming, this new family 
of compounds holds groat promise as a hypnotic 
that does not depress REM sleep. Indeed, its 
extraterrestrial value may cause more study than 
its potential usefulness here on earth. It appears 
to be one ( andidate for producing hibernation dur- 
ing long space flights. If there is to he such a 
thing as drug-induced hibernation for space 
travel or medical purposes, surely today’s evi- 
dence indicates that the drug should not cause 
REM biv«, Space scientists have hern investi- 
gating 1-hydrnxyhutvrate. The compound elic- 
its a significant drop in b:?«ly temperature-- about 
3* — which is greater than the normal nightly de- 
cline. At the same time, oxygen consumption is 
decreased. Studies of humans in prolonged I- 
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III! sleep may tell whether the overall effect is that 
of natural sleep. 

Tlio ideal of course would he a drug that per- 
mitted us to produce sleep in the same way the 
body does. There are many reasons for suspect- 
ing that H 13 body triggers sleep biochemically, and 
the search for these chemicals is not at all new. 
There have been attempts to find a hypnotic chem- 
ical produced by muscular activity, by wastes, 
many attempts based upon the logic that one 
should find a “fatigue” substance generated by 
waking activity. These attempts have not yet 
succeeded, and today experimenters have begun 
to think that they may not bo searching for just 
0110 substance. There might be several chemical 
mechanisms stemming from different metabolic 
chains, having different e fleets even though the net 
results might look like the same behavior — sleep. 
Recent experiments begin to suggest that indeed 
slow-wave sleep and REM sleep may be influenced, 
and perhaps triggered, by totally different chem- 
icals. 

The suspicion that two different chemicals may 
trigger sleep and REM sleep lias been phrased in- 
formally for several years, and it is heightened 
by evidence from the diverse researches of Dr. 
Michel Jouvet, of Lyon, France, and Dr. Werner 
Koelln, of the Worcester Foundation foi Experi- 
mental Biology, in Shrewsbury, Mass. 

Reserplne 

The French researchers have looked closely at 
the sleep of cats following an injection of ivser- 
pine. This compound is a derivative of Rauwolfia 
or snakoroot, an ancient Indian remedy that lias 
been used extcndvcly in modern form to calm 
people in stales of intense emotional disorder and 
to lower blood pressure in hypertensives. Keser* 
pine reduces slow wave sleep, and Its impact upon 
the paradoxical phase of sleep in vats might be 
said to resemble a sledgehammer. After a single 
injection of reserpiue, paradoxical sleep would de- 
cline, disappearing altogether for days. This 
ivmai k:d de effect strongly sugge.-tod that re.-er- 
pihe mud inactivate brain renters or brain chem- 
icals that are essential to paradoxical sleep. 

Re-orpine is known to reduce the content of 
serotonin in the brain and to affect other brain 
ehriniruK A number of the-o chemicals v.i-u* 
sub c [ucutlv admin'Mcrcd to detennine whether 
counteracted the impact of nverpine on 
paradoxical sleep. A cat was given icsorpinr. and 
tlnn an injection of .Vhvdro.wtrvplnphuin* 
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HTP). This is a substance known to precede 
serotonin in t lie metabolic cycle. Serotonin is 5- 
hydroxytrypt amine, and 5-IITP is a substance 
from which it is built. An injection of 5-IITP 
should have restored serotonin in the reserpine- 
injeeted eat. If an increase in serotonin were 
crucial to paradoxical sleep, then it should have 
reappeared. Not so. The cat now showed a nor- 
mal pattern of slow wave sleep but not a sign of 
t lie paradoxical REM phase. However, if the shot 
of reset pine were followed by an injection of clopa, 
REM sleep did reappear. 

Dopa 

Dopa is a precursor of noradrenalin, a sub- 
stance produced in neural tissue throughout the 
body and brain. When dopa was administered 
to a eat that never received rcserpinc its Gleet was 
striking. Given to a normal eat, dopa increased 
the animal’s paradoxical sleep. However, if a nor- 
mal and inmedicated cat were given 5-1 [TP in- 
stead, its paradoxical REM sleep was depressed. 
This series of findings suggested that paradoxical 
sleep might be dependent upon chemicals related 
to adrenalin and noradrenalin, but not to sero- 
tonin. 

Serotonin 

Serotonin would ap t ^nr to play a role in pro- 
ducing slow wave sleep. As usual, in science, a long 
history of rose air lies into the ethvts of serotonin on 
blood pressure ami many brain functions preceded 
the studies that implicate serotonin in slow wave 
sleep (Keel la, ot ah, 100o, 1001, 1003, 1005; Knelln, 
10G2). In recent uvea relies the invoGi gators no- 
ticed that serotonin was producing some peculiar 
effects on brainwaves ( Koclla cl ah, 1005). When 
injected into the carotid arterv of an immobilized 
or anesthetized cat, serotonin promptly produced 
an arousal reaction. This brief KEG aiousal pat- 
tern was then followed by 15-20 minutes of slow 
waves and sleep spindles, and the large spindling 
KEG pattern known as a recruiting response. 

The recruiting response has drawn interest be- 
cause it may be related to the normal KEG spindles 
foen in sleep. Experimenters have found that they 
could obtain this KEG recruiting response by elec- 
trically stimulating the media I aspects of the tha- 
lamus. Sleep has also been produced by simulat- 
ing this same thalamic region (Akert,ct ah, 1EVJ). 
lVrhaps it is not surprising that an injection of a 
chemical might produce both the KEG recruiting 
response and brainwaves typical of sleep. The 
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experimenters found it curious, however, that the 
samo chemical first- produced an arousal response, 
and wondered if they were seeing reactions from 
two distinct portions of the brain. 

This hunch was borne out by the experiments 
that followed. The brain stem of a eat was surgi- 
cally transected so that the elfect of serotonin was 
only apparent on tho anterior portion: now the 
animal showed the brain v aves of arousal but there 
was no sleep. This implied th n ' serotonin was 
inducing sleep by a fleeting the posterior brain 
stem, at tho very base of t lie brain. The experi- 
menters began exploring a very small structure 
at the base of the brain stem, the area postrema, 
which might bo described as a gateway region to 
ihc central nervous system. When this small area 
was destroyed in cerebellectomizcd eats, the sero- 
tonin injection continued to cause arousal and not 
sleep. The researchers now zeroed in on the area 
post roina. 

This region lias been known to accept serotonin 
and other similar chemicals, i.e., it lias no blood- 
brain barrier. It now seemed to be the specific 
neural receptor site on which serotonin acted to 
facilitate sleep. Instead of surgically destroying 
the area postrema the experimenters took their 
next step to nullify the action of serotonin here by 
chemically blocking the receptor site and thus 
preventing tho sleep response. LSD and other 
chemicals block the action of serotonin, which is a 
neural transmitter. When one of these blocking 
agents was applied to the area postrema an in- 
jection of serotonin caused the EEGs of arousal, 
but not sleep. On the other hand, whenever sero- 
tonin was placed in t He area postrema of an intact 
cat the EEGs gave only the signs of sleep, not 
arousal. 

Serotonin seemed a likely candidate as a body- 
gonernted chemical that induces sleep. Sure- 
ly if a body cherub al were responsible for inducing 
sleep one might expect it to act at the base of the 
brain near the spinal cord. There is one interest- 
ing fact, however. Serotonin does not pa c s 
through the Mood-brain barrier. Thin it could 
not directly reach with its elTcets deep into the 
Main stem. An exploration of ^ he area postrema, 
where serotonin is received, may however explain 
how serotonin could cau=e a hvpnogcnic responso 
in the re.-l of the brain. The area postrema iseon- 
noeled by dendrites to an adjacent area within tho 
brain, (lie nucleus of the tractns solitaries winch 
is probably not directly permeable to serotonin, 
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but may receive its effects through the dendrites 
linking it with the area, post rcina. 

The action of serotonin as described here may 
illustrate what is often referred to as the triggering 
action — or triggering chemical. Serotonin may act 
as a neutral trigger. It stimulates receptors within 
the are.a postrema, which, in turn, stimulates cells 
in an adjacent nucleus tractns solitarius, perhaps 
causing a neutral chain reaction whose consequence 
we know as sleep (Koella, et ah, 1965). 

The indication that serotonin can inducoslcep by 
its action upon a brainstem structure docs not elim- 
inate the possibility that other body chemicals also 
participate in producing natural sleep. Serotonin 
is chemically like a hormone, and acts as a neutral 
transmitter over very short distances. Other in- 
vestigators have been looking at the effects of sex 
hormones for an elucidation of the natural sleep 
]) roc ess. 

Hormones 

Unnatural sleepiness, or at any rate excessive 
sleepiness, is the accompaniment. of numerous dis- 
orders, but also occurs in normal people who are 
undergoing changes in body chemistry. In a book 
called w Pregnancy and Birth,” A. F. Gutlmacher 
lias described one of the most common of sleep dis- 
orders. “In some women, one of the earliest signs 
of pregnancy is an overpowering sleepiness. 
Sleeping late in the morning and napping in the 
afternoon do not prevent the pregnant young wife 
from yawning in her husband's face and from doz- 
ing even at her own dinner parties. This excessive 
need for sleep disappears after the first few 
months.” Although tho soporific serenity of a 
pregnant woman bears no resemblance to the 
blankness of an epileptic seizure, or t he catalepsy 
of a narcoleptic, the catatonic state of a schizo- 
phrenic, or tho anesthesia state, there may be a 
chemical link between them. Somnolence, ancs* 
thesia, and convulsions may alt be produced by 
different concentrations of progesterone, the 
hormone secreted in large quantities by pregnant 
woman. Progesterone, indeed, is only one of the 
hormones known to produce an anesthetic state, 
and some have Wen used as an anesthetic. 

Drs. G eorge M. Ling and Guimar Houser are 
currently collaWratuig at UCLA on a study of the 
effects of several steroid honnonos on the central 
nervous system. They have shown that two pre- 
cursors of hrinimnes (dehydroepiandrosferone, 
and Ihdcsoxycortisol) will produce sedation in 
low dosages, while high doses invoke seizures and 
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convulsions. By administering finely graded doses 
they hope to determine whether steroids will pro- 
duce sleep in the amounts secreted by the body. 
A connection between sex hormones and sleepiness 
should not seem surprising, for it is observed fre- 
quently without any reflection, in the aftermath 
of lovemaking, people tend to fall asleep. 

Hormones appear not only to elicit sleep, but 
perhaps also to change its quality by influencing 
tho EE.G phases and duration. Drs. Ling and 
Heuser have observed that cats sleep a good deal 
longer given progesterone, than if they are sedated 
with compounds that resemble the neurochemicnls 
serotonin and acetylcholine. Moreover, the sleep 
induced with progesterone is distinguished by 
ample episodes of paradoxical sleep. In studies 
of eight pregnant cats they found that the inci- 
dence of paradoxical sleep increased as pregnancy 
progressed toward delivery, and during the brief 
post parluni interval after delivery tho cats also 
showed frequent periods of paradoxical sleep. 
There may indeed bo some truth to the old wives' 
talo that a woman dreams a lot when pregnant. 
Tho story docs not scorn to he a simple one, how- 
ever, and an increase of progesterone should not 
bo expected to produce an orgy of dreams. Under 
some circumstances it may do the opposite. 

Enovid, a combination of a progestergei deriva- 
tive and an estrogen, botli female sex hormones, 
prevents ovulation. One sign of its antifeitilitv 
effect has been that it delays or suppresses signs of 
di earning normally seen in a female rabbit just fol- 
lowing coitus. Ordinarily the fertile rabbit will 
quickly lapse into sleep, soon showing KEG signs 
of paradoxical sleep, but if her production of 
ovulatory hormones lias been blocked, the familiar 
KEG patterns of paradoxical sleep will not occur. 
This index of fertility — and method of quickly de- 
tecting an antifcrtility compound— was discovered 
by J)r. Charles Sawyer and his associates at UCLA 
as they explored the relation between the sex 
steroids, brain activity, and fertility. Here, para- 
doxical sleep played the role cf a key into the 
bruin processes that govern sexual behavior and 
reproductive capacity (Kanemntsn and Sawyer, 
1963: Kawnkami and* Sawyer, 1959, 1962; Sawyer, 
1901, 1963). 

The solution to tho worlds crushing problems 
of overpopulation may hinge upon some of those 
recent discoveries altfuit the ncurochcnistry of for* 
tility, anions’ them l he lit. ding that Enovid and 
other steroids that block ovulation act upon tho 




central nervous system. The impact of steroids 
on ovulation had to be reinterpreted in the early 
lOGO’s when Drs. Sawyer and Kawakami knit to- 
gether their diverse findings on many species, 
showing, among other things, that these com- 
pounds depressed the likelihood of paradoxical 
sleep following sexual stimulation. Rabbits were 
used a great deal because they are reflex ovu- 
latovs; that is ovulation is induced by coitus, 
whether real, artificial, or performed by brain 
stimulation. The characteristic aftevreaction to 
coitus is unambiguous, even without EEGs, for 
in slow-wave sleep the rabitfs ears remain erect, 
but when paradoxical sleep begins they suddenly 
lose nuisclc tone and droop. This reaction was 
probed by the injection of pituitary hormones and 
by direct stimulation of the hypothalamus, which 
could produce the rabbit's afterreaction. In tests 
of many hormones ami other compounds, it be- 
came clear tli.it barbiturates, the tranquilizer 
ehloi promazine, and morphine had a pronounced 
clTect upon the afterreaction of the rabbit — sug- 
gesting that they may block the nervous activation 
of the pituitary gland in releasing ovulatory hor- 
mones. In this regard, it is interesting to note that 
morphine addicts lend to be infertile, and female 
addicts generally have irregular menstrual cycles. 

In a long series of studies with various tech- 
niques, using steroids directly upon the brain or 
surgical lesions in the hypothalamus, it became 
clear that the brain centers controlling sexual be- 
havior and those controlling pituitary hormonal 
function were quite discieto in the rabbit and sex- 
ual behavior could be independent of influences on 
fertility. Thus, the brain seemed to contain a fer- 
tility center, sensitive to steroids, which would 
induce ovulation after elee rical stimulation, hut 
if damaged, would cause gonadal atrophy. The 
location of lids center (the posterior basal tuber 
of the In pot lml a mus) in a brain legion known to 
play a large role in emotion, may enable us to 
determine how emotions— mood, anxiety, and 
stress, alTect fertility. If stress hormones, and 
neurohutnors of emotion act upon this region to 
block fertility, we may learn how to treat some 
of the perplexing cases of sterility for which peo- 
ple seek clinical aid. A chv-sic instance of what 
seems to he “emotional" infertility is that of the 
couple who cannot conceive, but who do, indeed, 
begin producing children shoitly afirr adopting 
a child. 



important and as yet unanswered questions about 
the influence of hormones on mood and sleep. 
Quite beyond supplying an index by which anti- 
ovulatory drugs can be screened, the paradoxical 
sleep of the postcoital rabbit lias instigated many 
assays of sleep patterns and hormones. Dr. Kawa- 
kami lias shown that an animal going into estrus 
has an increasing ratio of paradoxical to slow- 
wave sleep. Female rabbits, given the male hor- 
mone, testosterone, will not show paradoxical sleep 
after mating, nor will the normal male. Hut a 
castrated male, given the female hormone estro- 
gen, will show this sleep symptom following elec- 
trical stimulation of the septum (Kawakami 
and Sawyer, 1002). What is the relation between 
the sex steroids and paradoxical sleep? Do they 
suppress dreaming in human beings? Could ste- 
roids and other antifertility agents act upon the 
lateral hypothalamus to affect mood and incur 
subtle perse nality changes? 

Further explorations in this direction may help 
to explain emotional differences between the sexes. 
Moreover, they may help to explain psychological 
phenomena that are clearly linked to sexual peri- 
odicities, such as tlie depressions and exhilarations 
of women at the onset of menstruation and during 
tlio postparturitional days. In pilot studies with 
cats, Dr. Sawyer believes he has seen cl r.nges in 
temperament, after hypothalamic lesions that 
block ovulation. Patterns of sleep, showing us 
something of the integration of the nervous system 
by which we can compare normal and altered 
states, have provided a new tool for what promises 
to be an even more important skein to unwind in 
a world where fertility is likely to be controlled 
with drugs. 

Xo extensive KEG studies have yet been con- 
ducted upon prcgnaV, women, or women taking 
Enovid. The widespread testing and use of Eno- 
viil for birth control, and, in higher doses, for (ho 
treatment of a pelvic disease- associated with infer- 
tility, have enabled clinicians to observe some psy- 
chological effects. Many women have discontinued 
the use of Enovid because it makes them feel de- 
pressed or irritable. M hen heavy’ therapeutic 
do'Cs were tried for the. purposes of advancing 
fertility among wives of armed services personnel, 
temporally psy diesis occurred in about 4 percent. 
Whether these symptoms could l>c detected or even 
anticipated by changes in EE(t sleep patterns is 
still an open question. 
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Wo have known for almost a decade that sex 
hormones can act directly upon neural tissue. 
However, nobody will forget the startling demon- 
stration that a male hormone, placed within a 
particular brain region, engenders the confusing 
result of maternal nesting behavior in male rats 
(Fisher, A. E,). So we have, by implication, the 
problem that we are not just dealing with neuro- 
eheniistry as we explore hormonal effects, but also 
anatomical organization and the responsiveness of 
sped lie areas to specific chemicals. Do steroid hor- 
mones naturally act upon certain brain regions — 
or do steroids act as a trigger for other brain 
chemicals? The EEG patterns of sleep are being 
used in researches to answer this question. 

A great many factors have encouraged the sus- 
picion that the sex hormones play an important 
role in sleep patterns, in mood, and in dreaming. 
T3io fact that adults begin to show a decline of 
REM sleep after age 40, is in itself suggestive. A 
recent study of the sleep of five women has added 
to this evidence. Women undergo cyclic hormonal 
fluctuations, marked by menstruation, and also by 
variations in mood that are so severe in :i small per- 
centage as to approach mild psychosis and demand 
medical aid. If hormonal changes were reflected 
in sleep, one would expect to see cyclic changes in 
women. In an initial study, changes have been 
observed, especially in increases of dream time fall- 
ing toward the middle or end of the monthly cycle 
(Hartmann, 1065). Curiously enough, these pe- 
riods of higher dreaming coincide with periods 
of anxiety and somet imes depression. 

Dr. David Hamburg and M. Dal h nan at Stan- 
ford University Medical School have been inject- 
ing progesterono directly into the hypothalamus 
in rabbits, but analyses of brain tissue have not 
yet revealed whether the hormone acts directly on 
the brain. Why would hormonal levels affect 
sleep, and even include sleep, if they do not act 
within the brain ? 

Acetylcholine and Noradrenalin 

A number of investigators have speculated that 
substances such as hormones affect the levels of 
two important brain amines which do, in turn, 
produce sleep or arousal. Current research by 
Di s. Ling, Fisher, Hernandez Peon, and numerous 
investigators in other areas of murochenistry may 
show us that the brain opevates cn a chemical code, 
and that two of its principal cade chemicals are 
acetylcholine and noradrenalin. These are found 
throughout the nervous sysfon . They are pro- 
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dueecl at nerve ends in the body and brain, and ap- 
pear to play an important role in transmitting 
nerve impulses from one cell to another. They 
appear, additionally, to play an essential part in 
the homeostasis of the body, maintaining the equi- 
librium of the autonomic nervous system, stabiliz- 
ing heart. rate, or stomach motility. 

Dr. Ling postulates that these two chemicals 
play a homeostatic, or a balancing role within the 
central nervous system as well. Noradrenalin is 
related to dexedvine, one of the amines of the nerv- 
ous system that promotes alertness, and ads as a 
psychic energizer. In excess, this amino may also 
bring anxiety, restlessness, and the mental states 
associated with insomnia. On the other hand, as 
ho lias demonstrated with cats, acetylcholine pro- 
duces somn ole nee in the same brain sites where 
noradrenalin evokes arousal. Perhaps this ace- 
tylcholine, in large concentration, invokes apathy 
and even depression. These two chemicals may be 
natural components of sleep ami arousal, and 
small increases in their concentration might trans- 
form mere arousal into acute anxiety and turn 
sleep into depression. Such speculations are em- 
phatically tentative at the moment, but they are 
bonml to provide a rich inspiration for research — 
for they suggest techniques by which wo may dis- 
cover the close biochemical tics between sleep, hor- 
mones, and mental illness. 

Right now, anyway, it looks as if there arc two 
major chemical systems at work in causing nervous 
tissue to perform. The cholinergic system may be 
inhibitory. In other word*, acetylcholine may be 
the nemoehemieal that excites brain cells that 
cause sleep, or the cessation of an activity, but this 
inhibitory uo’ a k docs not go on infinitely, because 
another chemical, cholinesterase, acts like a brake 
halting the potent action of acetylcholine. Cells 
instigating arousal, or other specific excitation, 
may be activated by the neural stimulants of the 
adrenergic system — noradrenalin and adrenalin. 
Presumably these also have a chemical brake, but 
little is known about their metabolism at present. 
Tliis is a vastly oversimplified view, yet it may pro- 
vide. a kind of primitive map to some of the basic 
research currently probing relationships between 
sleep and mental illness and their biochemical 
nature. 

Some investigators have been systematically 
probing a particular region of the brain. Dr. 
Nathaniel lhiehwald and his associates at UCLA, 
for instance, have been simulating one brain con- 



ter and charting the associated behavioral changes 
and EEG patterns at other sites in the brain 
(Heuser el al., 1001). This is an anatomically dis- 
tinct island, located under the cortex, in the fore- 
part of the brain — the caudate nucleus. Here is 
the largest supply of cholinesterase stored in the 
brain, a braking chemical for acetylcholine and 
the nervous activity it incites. Wien cholinester- 
ase is destroyed in this area and electric stimulation 
is gently applied, the animal sutlers tremors or 
epileptiform seizures. Because the caudate nu- 
cleus is one of the brain’s largest storehouses of 
important chemicals, among them dopa and dopa- 
mine, it may oiler some clues about the neuro- 
ehemistry of parkinsonian tremors, epileptic fils, 
and schizophrenia. 

Chemical Brain Mapping 

Following another approach, some scientists 
have been using acetylcholine and noradrenalin 
directly upon the brain, in a manner analogous to 
electrical stimulation, thus learning which brain 
systems respond to cholinergic chemicals and 
which respond to adrenergic stimulation. The 
implement, chemical stimulation, has had an ex- 
tremely impouant impact upon our understanding 
of the anatomy of sleep. 

Using brain chemicals as his probe Dr. Jtaul 
Iiernandez-Peon, and his colleagues, working 
largely in Mexico City, have shown that sleep is 
promoted and regulated by a large system of brain 
cells, sweeping from the frontal regions oown to 
the brain stem with centers in the thalamus and 
cerebellum. During the last decade there was a 
growing confusion about the brain centers that, 
upon stimulation, caused an animal to sleep. 
There were so many of them — electrical stimula- 
tion in the frontal regions, or caudal regions, in the 
thalamus and hypothalamus — and all seemed to 
invoke the well-known KEG patterns and behav- 
ior of sleep. This electrical brain mapping had 
begun with the pioneering work of W. II. Hess of 
Zurich, who had produced eating, rage, and other 
behavior by delivering mild electrical pulses to the 
brains of animals. Elect rieal stimulation of (ho. 
brain became a valuable tool and was widely used. 

In their memorable experiments of the late 
ID J0*s ami early 19f>0s, Mornzi and Mngoiin 
excited the world of brain research with their dis- 
covery that stimulation to t he reticular formation 
led to arousal and wakefulness. Here was evi- 
dence of an arousal cot. tor in the brain. I/ogmully 
enough, sleep was considered to bo (lie mere lack of 
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ret icular activity — a pasrivo state, brought about 
by default so to speak. Today, however, sleep 
does not look like the consequence of a lack of 
activity in tho brain, but the result of activity 
within a specific neural system, a system that 
actively inhibits arousal. This was the assump- 
tion on which Dr. Hernandez -Pc on and his asso- 
ciates set to work, at a time, it should be added, 
when iho outcome was quite uncertain. They 
sought to locate a topographical map, if possible, 
showing where and perhaps how the brain 
produces what we know as sleep. 

Although they set out, using brain stimulation 
as their main experimental probe, on an expedition 
to map the uncharted sleep system, and were nc 1 
primarily interested in its biochemical properties, 
they came to rely heavily upon chemical stimula- 
tion. One reason was the diffuse ness of electrical 
stimulation. If a pulse were delivered to neural 
cells within a particular system, it might cause 
activity among cells adjacent but outside of that 
system. Any neuron might be activated, inad- 
vertently. For refined brain mapping, then, psy- 
chologists and neurophysiologists wanted a more 
selective method, a stimulus that would spark only 
the cells involved in a particular activity. They 
tried using the chemicals known to modify syn- 
aptic transmissions in nerves throughout the body, 
among them, acetylcholine and noradrenalin. 

Animals were implanted with fine electrodes for 
EEG recording and sometimes for stimulation or 
the creation of small lesions. Similarly they wore 
implanted vri*h fine eannulae, hollow guide- 
shafts through which a tin}* chemical crystal could 
be tamped to the nerve cells. Like electrodes, 
these eannulae could lx? left in place comfortably, 
and tho experimental animals had freedom of 
movement and a relatively normal laboratory 
existence. A fine screw threading would permit 
the experimenter to stimulate a locus, and move 
the- cannula a millimeter at a time through seven 
depths of tissue. 

Cats were the primary experimental animal in 
mapping the sleep system, and acetylcholine Ins 
been the chemical that stimulates hypiiogemc cen- 
ters in this animal, potting it to sleep. Speeie3 
differ, however; if yon stimulate a rat brain, in 
roughly tho same pathway that elicits sleep in eats, 
acetylcholine will evoke thirst and drinlcng. 
However, apply noradrenalin to certain parts of 
the rut brain, corresponding \o the regions in 
which acetvlcholine urodmes sleep in cats— and 
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noradrenalin evokes sleep in the rat (Fisher, 
1061). 

The hypnogenic response of the cat to acetyl- 
choline was supported by a few simple experi- 
ments. If the animal were given atropine, or an- 
other chemical that blocks acetylcholine, then elec- 
trical stimulation failed to produce sleep in the 
very spot where it had formerly evoked sleep. An 
animal, put to sleep by several brief electrical 
stimulations to a brain locus, then injected with 
atropine, remained wakeful through repeated elec- 
trical stimulation. Presumably, the missing ele- 
ment was the blocked, biochemical action, of 
acetylcholine (Ifernandez-Peon, 1063) - 

Nerve impulses can be stimulated by electric 
shock and detected by electric sensing devices, but 
the nerve impulse itself is not like an electric cur- 
rent passing along a wire. Rather, it results from 
a biochemical change iu the membrane surround- 
ing a nerve cell, a movement of ions, electrically 
charged parties that follow the release of a chem- 
ical transmitter from a neighboring neuron. 
Electrical stimulation, thercfoie, causes biochemi- 
cal action. It is not like feeding current into an 
electronic machine. The electrical stimulation 
that, was producing sleep mnst have caused a re- 
lease of acetylcholine at the synapses of the sleep 
neurons, a release that was blocked by atropine, 
with the consequence that acetylcholine no longer 
acted as a biochemical transmitter and cho sleep 
neurons were no longer activated. 

Using acetylcholine and electrical probes, in 
countless experiments on hundreds of cals, it was 
found that there was indeed a hypnogenic path- 
way, beginning far forward in the frontal and 
temporal lobes, with a center in the thalamus, and 
extending downward toward iho spinal cord. 
Lesion experiments demonstrated that this cholin- 
ergic pathway has both an ascending and descend- 
ing route. Messages are borne downward from 
the cortex and frontal brain regions to the brain 
stem, mid also upwards from the spinal cord— in- 
hibiting the vigilance system of the brain stem. 
(Hernandez- Peon, 10G3). 

Most people have noticed that all sleep is not 
tdiko — it occurs faster on some occasions, like the 
sudden dropping of a shade. It differs in quality. 
Some of Uic experiments suggest why ibis may 
be. The samo crystals of acetylcholine, touched to 
different brain sites, prodneed somevhr.t different 
results. Ordinarily, if a cat is placed in a labora- 
tory cage and left alone, it will settle down and 



fall asleep in 15-30 minutes. When acetylcholine 
was injected into the preoptic region of the hypo- 
thalamus, a waking cat fell asleep in 2-5 minutes. 
The same stimulation to another hypnogenic area, 
however, caused sleep in 22 seconds. 

Films of this stud) convey the instantaneousness 
of the effect. A cat, in the midst of eating, re- 
ceived stimulation in the sleep-circuit, and liter- 
ally fell asleep so fast that his head dropped into 
his food dish. Speed of sleep onset varies with 
the region stimulated and so does the length of 
sleep. One locus produced a sleep that generally 
lasted about 30 minutes, yet another produced 
sleep lasting as long as 4 horn's. One locus pro- 
duced a sleep so profound that the animal could 
not be awakened by noise or pinching, only by di- 
rect stimulation of the arousal system. In all of 
these instances the sleep included Iho natural EEG 
phases, both synchronous sleep and paradoxical 
sleep. This suggests that the subjective quality 
of sleep, the rapidity of onset, even the length of 
time wo sleep, may be related to specific points 
along the hypnogenic path. 

Tho term “pathway” suggests a narrow route, a 
roadway, differing from the terrain on either side. 
This is an appropriate connotation, demonstrated 
by repeated experiments. After chom ©stimulat- 
ing a particular site in an experimental animal, tho 
researchers would wait for the cat to wake up and 
becvr.o fully alert. Then they moved tin* cannula 
a millimeter or two and repeated tho stimulation. 
This limo the chemical did not elicit sleep, but 
sometimes a very different kind of response. Tho 
acetylcholine that evoked sleep from one set of 
neurons aroused totally different activity within 
neurons not t millimeter away. 

What has emerged from this extensive program 
of chemical brain mapping? Now, instead of is- 
lands of brain cells, inexplicably scattered, wo see 
ihcio is a whole pathway, shaped somewhat like 
a sickle, within tho subcortical regions of the brain 
that produces sleep with cholinergic stimulation* 
It is connected, by fibers, with tho cortex, that 
outer layer of cells involved in thought and tho 
refinement of perception and emotion, from 
whence tho voluntary commands to sleep may 
arise. It is connected with all the sensory modal- 
ities, and current exolomtion of tho ascending 
pathway may explain how repetitious rhythms, 
like patting the cat, may put it to sleep. Depend- 
ing upon where tho circuit is touched, it produces 
sleep of different ilnraticr profundity, and qual- 
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ity, whicn may help us to explain the different 
kinds of sleep we experience, out of boredom, after 
intense athletic exertion, following pleasant or 
wretched emotional experiences. A further find- 
ing rnay help to explain the restless sleep or in- 
somnia that often occurs during periods of great 
worry. 

During one study it was found that a spot 
evoking sleep with acetylcholine would produce 
an arousing effect if touched with noradrenalin. 
Other chemicals — GABA, adrenalin, nialimide — 
were tried but had no effect. Within this region 
the sleep path may come into close contact with 
the arousal system, perhaps overlapping or fol- 
lowing the same route. Current experiments will 
explore this possibility by using noradrenalin as 
the stimulus. Once again there is the suggestion 
of a dual chemical code in which cholinergic com- 
pounds affect sleep-evoking cells and adrenergic 
compounds excite the cells of an antagonistic sys- 
tem — that of arousal (Cordeau, 1064). 

The anatomical evidence for a relationship be- 
tween sleep disorder and emotion does not yet ex- 
plain insomnia, but it suggests some good topo- 
graphical reasons why negative emotions might 
affect sleep. 

“Motivation” and Sleep 

Brain centers, colloquially known as “pleasure 
and pain” centers, have been located by electrical 
brain stimulation, beginning with the discovery 
of Dr. James Olds in the 1950’s of a point in the 
hypothalamus that gave appearances of pleasure 
in the animals stimulated there. If motivation is 
determined by the “sense” of reward or punish- 
ment, or more neutrally, the positive or negative 
reinforcement that accompanies a behavior or 
thought, this center was indeed a motivation point. 
It appears to transmit impulses through fibers 
that pass through the medial forebrain bundle. 
The sleep system also transmits through this fiber 
bundle. This might suggest why pleasurable 
sensations often are accompanied by sleep. We 



might conceive that the positive motivational sys- 
tem is connected with neurons producing sleep. 
On the other hand, negative motivation seems to 
be connected with arousal, and indeed, a so-called 
“aversive” brain center, one producing negative 
feelings, lias been located in a region that anatomi- 
cally overlaps with the arousal center (Hemandez- 
Peon, in press). 

These geographical findings do not explain in- 
somnia, but they permit a hypothesis. When 
emotional excitement is intense, particularly when 
people worry, they cannot fall asleep easily. If 
this situation becomes prolonged, it may indicate 
that the arousal system is overactive, triggered 
into excitement by the emotional excitement in the 
limbic area nearby. There may be a very different 
explanation for the insomnia of some depressive 
and elderly people who cannot manage to stay 
asleep the whole night through. If some metabol- 
ic failure left the hypnogenic system without an 
adequate supply of acetylcholine, then it might 
run out of neural fuel, so to speak, and be unable 
to inhibit the arousal system for a full night. 
These are conjectural explanations at present, but 
they have considerable importance for therapy. 

If we are to treat p<atien ts with insomnia or other 
sleep disorders to their greatest benefit, we must 
tailor drugs to the specific needs. These anatom- 
ical findings suggest means of testing drugs for 
their effects at particular loci in the brain. They 
may aid investigators who are now beginning to 
look at drug impact through evoked potentials ard 
other neurophysiological and behavioral pro- 
grams. Mappings of the sleep and arousal systems 
continue, and as we begin to acquire a more refined 
chart of systems within the brain and the chemical 
code that activates them, we have the prospect of 
developing specific remedies, offering needed sleep 
without hangovers, side-effects, depressions of 
mood and without actually exaggerating the im- 
balances from which sleeplessness or disorder 
originated. 
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/ have seen Hamid Bey, when under medical examinations by a commit - 
tee, extend both arms and ask two of the physicians to examine the pulse at 
the right and left wrists respectively. At the same time a third physician 
would take his heart beat ly means of a stethoscope. At first all would 
report the same rate , say 72 to the minute , then Hamid Bey would begin to 
concentrate. At the end of a minute the doctor holding the right wrist would 
report 64 to the minute, the doctor holding the left wrist 90 to the minute , 
while the doctor listening to the heart would report 84, all at the same time! 

Another demonstration which Ilamid Bey gives of his unique powers is 
permitting the flesh or tissues of the body to be pierced with long pins or 
daggers, seemingly without pain. . . . Hamid Bey will ask whether it is 
desired that blood will flow from the wounds , and he permits it to floio or 
refuses, at will . 

However , his demonstration of body catalepsy is the most remarkable of 
all. His body becomes rigid, the pulse almost imperceptible, and respiration 
apparently ceases entirely. 0 onsciousness is said to be obliterated and noth- 
ing is remembered of the time spent in that state. In this mental state Hamid 
Bey permits himself to be buried under ground, with or without coffin. . . . 

Newspaper Reports of tlio 'l920'S 

By many scientists and students l am considered to be an unusual or 
super- man. ... I am a very ordinary person . My ability, unusual as it may 
be, is entirely the result of work and efficient training . Under similar cir- 
cumstances, any normal person might have accomplished as much or perhaps 
mere than /. 

Hamid Bey 



Chapter VI. Control Over Sleep and Other States 

of Consciousness 



Singular feats of mental discipline and bodily 
control havo marked certain individuals through- 
out History as almost superhuman. Move admired 
than emulated, theso incarnate gods have received 
their most rapturous worship from 1 ho ignorant 
or from children. They have been the yogi, 
calmly seated on bed of naiis, or the Iroquois hero, 
silent and stoic during a savage beating, or the 
remarkable swnmi, standing on Ids Jv'nd for horn's 
at a time, inert as stone in contemplation. The 
commercial exploitation of these skills has led 
many rulults to suspect that all fakirs indeed, must 
bo fakes, for their performances seem beyond 
normal human attainment. When Rahman Bey 
spent 10 minutes at the bottom of the Hudson 
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River in nil air-tight coflin in the 1920’s, Houdini 
followed suit in a debunking manner, inspiring 
Hamid Bey and others to a contest of live burials. 
But tl ic. secret was training. For centuries yogi 
havo practised, under the name of pninayamn, 
disciplines of restricted breathing among their 
many exercises, for which (here are about 
million variations. The purpose is not a fi*eakish 
prowess, but an integrated control of body and 
mind, allowing die individual full access to his 
consciousness. 

Many eastern religious, among them Zen Bud- 
dhism, provide adherents with training in intro- 
spection and mental control, yet their goal of en- 
lightened peaco with the universe has seemed 
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diffuse, appealing less to Westerners than combat 
tactics of jujitsu, karate, yogi acrobatics, or mus- 
cular relaxation procedures. These skills may 
seem more attainable than some of the supreme 
but subtle skills that have elevated our heroes. 
President Kennedy, for example, was being fitted 
for legend during his brief term of office, as people 
realized that lie could ignore pain, command in- 
tense concentration, shifting focus at will, even 
sleeping at will. In the middle of a tense confer- 
ence, as one White House consultant remembers, 
he called a break at a point of impasse and while 
others smoked or paced around, he leaned his head 
back and slept for a few minutes. Oddly enough, 
one of the more important contributions of sleep 
research in the long run may be that it can make 
these extraordinary mental disciplines available to 
all men. Research findings from the KEG labora- 
tory hove already indicated that it is possible to 
teach ordinary people control over a level of con- 
sciousness not usually experienced consciously. 
They have pointed to some of the unexplored 
phases of conscious states and t lie possibilities of 
utilizing them. 

The ramifications are endless. If people could 
do something as simple as recognizing and describ- 
ing t ho symptoms of illness, medical diagnosti- 
cians would be relieved of a time-consuming proce- 
dure — that of eliciting and then penetrating a con- 
fusing verbal cloud. The ability to fall asleep 
promptly, at will, has obvious merit. Moreover, 
recognition of the many tides of consciousness that 
continue in sleep and waking might allow people 
to seize their best moments, performing at the 
crest of their abilities. Most of us rise and fall 
on inner tides largely unaware and unable to recog- 
nize them, proceeding through life with only tho 
barest acquaint a ncesli ip with our selves. Yoga 
literally means union. The body and mind are 
inseparable, and what we call mental discipline 
might permit a new approach in the treatment of 
medical, or psychosomatic disorders, and many 
forms of mental disorder. From extraordinary 
individuals wc already know that voluntary con- 
trol over pain, emotion, sleep, arousal, respiration, 
heart-rate, and many other functions must be 
possible. 

Perhaps tho biggCvSt disadvantage to the curric- 
ulum of self-control in eastern religions is that 
it takes a long time, and the education does not 
begin in childhood. The posture of Zen medita- 
tion and shallow rhythmic breathing are. difficult to 
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learn, yet masters maintain this position for 7 and 
8 hours. While meditating they may give every 
appearance of being asleep, yet they are in a state 
quite different from sleep. There is an anecdote 
about Dr. Baisctz Suzuki, a great Zen philosopher, 
as lie attended a conference on Zen and Psychoanal- 
ysis. A guest of honor, he sat at a front table. 
ITc wns then a man of 86, and during one partic- 
ularly long session was thought to be asleep. He 
sat, immobile, eyes shut, unperturbed by events in 
the room, but when a breeze scuttled some papers 
down the table, it was Suzuki’s hand that flashed 
out and secured them after they had passed the 
presumably alert participants at the head of the 
table. Suzuki had been in meditation, delicately 
balanced between relaxed detachment and instant 
alertness. This state is well known to electro- 
enceph biographers by its characteristic alpha 
rhythm. 

Control of the Alpha Rhythm 

Dr. Joe Ivainiya, at Langley Porter Institute in 
San Francisco, has used the electroencephalo- 
graph as a teaching instrument demonstrating 
that control of the alpha stale can be learned with 
surprising rapidity. Dr. Kamiya, in previous 
studies of sleep and dreaming, was struck with the 
difficulty professed by volunteers in communicat- 
ing their dreams and other subjective experiences. 
However honest a person may be, most people arc 
notoriously inept at describing subjective events. 
For this reason, many studies of perception, pain, 
and sleep have sidestepped introspective accounts. 
Indeed, modern psychology has shunned introspec- 
tion. As a result we know little about the man- 
ner in which civilized people acquire self-control, 
how they exercise mental discipline and begin to 
recognize and communicate their feelhigs. 

An infant can do nothing more than cry when 
something hurts. The child, after some coaxing 
from Ids parents, may point to his stomach. He 
learns to say that his stomach hurts, and even- 
tually he may discriminate between a stabbing pain 
aiul an aelie. ITo will be almost mature before ho 
can describe bis emotions even crudely. His dis- 
crimination between inmost levels of consciousness 
will probably remain aboriginal. Tho rich quali- 
tative variation between deep sleep and high 
arousal does not even have a vocabulary. For 
example, most people experience (lie alpha state 
many times each day, but they would not know 
how to identify it. 
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The characteristic alpha ihythm of about 9-12 
e.p.s. appears when a person relaxes with eyes 
closed. Tills isn’t drowsiness. The rhythm 
vanishes on the threshold of sleep and also when 
a person becomes tense, emotionally upset, or 
gri pped by a problem. A Japanese KEG st udy of 
Zen Buddhist monks has reportedly shown that the 
meditation state is a sustained period of alpha 
rhythm. Sustaining this ihythm isno mean trick, 
for any call to attention, sudden thought, or out- 
side distraction disrupts it. A study of the alpha 
state was a logical first step in exploring the process 
of introspection because it occurs during wakeful- 
ness and is easily identified on the KEG. 

Six years ago Dr. Kamiya and his associates 
wondered whether a native volunteer could be 
taught to identify the occurrence of his alpha 
rhythm. They placed electrodes on a volunteer's 
head, bade him lie down in an experimental bed- 
room and told him that a bell would occasionally 
ring, sometimes when alpha waves appeared, 
sometimes during other KEG patterns. He was 
askod to guess whether or not the bell had rung 
during alpha and was fold whether he was right 
or wrong. By the fourth session the volunteer 
was always correct in his guess and discriminated 
correctly 400 times in a row. Six other volunteers 
achieved 70-100 percent accuracy on 50-500 trials. 
Surely it looked as if they had learned to use some 
internal cues to identify an inner experience they 
had never known before. But there was a remote 
chance that the bell sounded different during 
alpha than non alpha, and the procedure was 
varied to obviate this possibility. 

Now the volunteers were instructed to say “yes" 
when they . ,t they were in alpha and “no” when 
they weren’t . This, too, they did with great ac- 
curacy. A number of physiological measures 
were taken — heart rate, respiration, eye move- 
ments, and muscle tension — to see whether one of 
these changed during alpha, providing the cue. 
Although previous studies never indicated a rela- 
tionship between alpha and heart or respiration 
changes, this precautionary check gave evidence 
that ruled out palpitation of the heart, a change 
in nuiscic tension, respiration, and eye movements 
as cues. 

The initial volunteer, the experimenters had no- 
ticed, had inadvertently learned to control his 
alpha rhythm once he learned to identify it. Vol- 
unteers in a subsequent study wo it* told to induce 
alpha or suppress it or t onunnnd. giving an alpha 




rhythm when a single tone sounded and eliminat- 
ing it when two tones sounded. None of the vol- 
unteers knew the name of the state t hey were try- 
ing to manipulate. They knew that a “yes'’ was 
associated with one sensation and a “no” with an- 
other. When the tone sounded once, the volun- 
teer conjured up the “yes” state. A s they watched 
the KEG record in the control room, the experi- 
menters were amazed to sec an alpha rhythm ap- 
pear after a single tone and vanish after the 
double tone. 

The next variation of the experiment required 
a technical innovation. An electrical filter, cali- 
brated to pass only the subject’s dominant alpha 
rhythm, would sound a tone. Now the tone was 
automatically controlled by the subject’s alpha 
rhythm; in a sense, his very thought controlled 
the tone. The tone started whenever alpha ap- 
peared and stayed on until the alpha vanished. 
Subjects were told to keep that tone off. They 
were to suppress alpha. Those volunteers were 
new to the study. They had never learned to iden- 
tify alpha, nevertheless they were able to keep the 
tone from sounding most of the time. IIow had 
they learned to control a subtle mental state for 
which they had no name? 

When they were asked, the volunteers said that 
the alpha state was serene, pleasant, and devoid 
of visual imagery. Some volunteers said they 
“saw*” things in order to suppress alpha, and these 
visions were often floating spots, faces, headlines. 
Then the tone w ent off. It took some effort to keep 
the tone silent, they said, for vch?n they main- 
tained alpha on command they found they could 
forget about outside stimulation — including the 
tone. Not all of the volunteers wero equally adept, 
but the first eight subjects became skilled at turn- 
ing alpha on and off. When it was on. they said, 
they were relaxed yet vigilant — like I)r. Suzuki? 

The pleasant alpha suspension was quickly ban- 
ished when they exerted mental effort, evoked 
images, or tried to solve a problem. When askod 
to maintain alpha and add memorized figures, the 
subject either maintained alpha and did incorrect 
arithmetic, or be did correct arithemfic and lost 
alpha. Some people in other studies have man- 
aged to solve simple problems and maintain alpha, 
and it has been spoon Tilted that it depends upon the 
amount of visualization employed. 

Zen teaching is based upon the awakening of 
inner perception to the core of one’s being by an 
inward listeningtbat is destroyed l>v logic or effort 
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of intellect. One student of Zen lias described 
the sustained meditation as a portal to a poetic 
illumination, an appreciation of all physical self 
and nature — resembling the paradise of a child 
and incompatible with objective thinking. A stu- 
dent of Zen may learn to sustain meditation, after 
many years, and to achieve the state known as 
enlightenment — perhaps what might be described 
as a union with the unconscious, hr. Kamiyirs 
laboratory is attempting to see how long the alpha 
state can be held by volunteers with a few hours 
of practice, This study may explain one of the 
perplexing and repeated facts of history — that 
monks and moguls have been said to meditate con- 
tinuously for many hours a day and to do with 
little sleep. Participants in a Zen retreat some- 
times meditate for as long as 17 hours at a stretch 
and have been known to go without sleep for 5 days 
or more. Recently, one participant in a retreat, a 
Chicago housewife, is reported to have meditated 
for 5 days without sleep. According to Dr. Albert 
J. Stunkard of the University of Pennsylvania, 
she showed no signs of fatigue. When introduced 
into a conventional social situation she acted with 
her accustomed propriety and responsiveness and 
sutTerod no distortions of vision, time, or other ef- 
fects usually associated with prolonged sleep loss. 

Voluntary Control and Psychosomatic Medicine 

Further EEG and polygraph studies may reveal 
whether the alpha state does indeed perform some 
of the functions of sleep and what its special phys- 
iological properties may he. By using the KEG 
in a feedback system for Instruction, Dr. Kamiya 
has been able to train people to identify, control, 
and sustain a state in a manner that apparently 
takes years to achieve b} Zen training. The same 
procedure will be used in attempts to instruct 
people in the control of other KEG patterns that 
correlate with mental states. If, indeed, the KEG 
picturo corresponds with mental events this re- 
search adventure is opening up the possibility of 
Internal education, avenues of instruction in 
mental control. People may, indeed, learn to dis- 
criminate between the stages of sleep (Anirohus, 
1005) and learn how to awaken during a particular 
phase, as some people do awaken at a regular time 
without aid from alarm clocks. ITow does one 
“conquer 15 pain, “subdue” anger, reduce one's 
breathing, stop ones heart! 

We are now acquiring the tools to explore some 
of the “superhuman” feats of the past. Simu- 
lated death, for instance, and heart stoppage were 




the trick of a famous prisoner in an American 
prison who used to astound the doctors by lying 
down — dead — then returning to life. This appar- 
ent inhibition of sympathetic-autonomic activity 
resembles the occurrences in the process of falling 
asleep and is an integral part of yogi meditation. 
At one time investigators reported that an accom- 
plished yogi could suspend his heart beat for 18 
seconds. The observations were made by taking 
the pulse and listening, but electrocardiograms 
have shown that the heart doesivt stop. Instead, 
the volume of each beat is so diminished that only 
a most sensitive instrument will detect it. How 
was tli is imperceptible volume attained? Surely 
reduced heart beat is not accomplished as directly 
as moving an arm, although one step may bo under 
direct voluntary control. By expanding the lungs 
one can put pressure on the heart and reduce its 
volume. The yogi feat takes skill and practice, 
bat it resembles something that anyone can try 
for himself. One can produce an increased heart 
rate very simply by thinking alarming thoughts 
or conjuring up fearsome memories. Current 
findings by Dr. Kamiya also suggest that blood 
pressure can bo conditioned downward. 

The autonomic nervous system, the involuntary 
system that controls heart rate, perspiration, and 
many vital functions, is now believed to play an 
active role in many psychosomatic diseases: heart 
ailments, ulcers, colitis, headaches, and skin dis- 
eases. If people can learn to control their mental 
and emotional forces, they will also be controlling 
many of their physiological functions. Such a 
development might put us on the road toward 
teaching patients to diminish their own symptoms 
and aisoto prevent psychosomatic disease, provid- 
ing a very interesting technique, moreover, to the 
psychotherapist. Research into the way we de- 
velop our introspective faculties, by ottering us 
tools for further education, could have a profound 
\aluo well beyond practical possibilities for medi- 
cine and psychiatry. Sueh an education could 
surd)", to use the succinct cliche, enrich the lives 
of people now compressed from every side by an 
overpopuloiw, overregulated, and increasingly 
technical society. The Utopian goal of inward 
cultivation is more distant, however, than some of 
the more limited forms of control wo may be able 
to acquire. 

Sleep Learning 

Sleep learning lias been a particularly intrigu- 
ing possibility. If wo could learn French or elec- 
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trical engineering during sleep, practical advan- 
tages are manifold. Could wq take courses during 
sleep \ Could our Jives bo enriched by other kinds 
of useful training during sleep? Could our sleep- 
ing lives provide a part of our total education, a 
part of character formation, or even therapy? 
During the last 20 years there has been a welter of 
conflicting evidence, and these questions are by no 
means settled. Recent studies in Russia (Kulikov, 
1904) and the United States (Evans et ah, 1DG5; 
Cobb et al., 1964) suggest that it is possible for 
hypnotic subjects to understand relatively compli- 
cated things during sleep. Indeed, it lias been said 
that the Russians have succeeded in teaching some 
English during sleep, bat mot* American scientists 
remain skeptical. 

Studies of sleep behavior and neurophysiology 
have begun to map out some of the limits and pos- 
sibilities of sleep learning and to illumine how the 
sleeping brain reacts and what it is capable of 
doing. Many people, of course, assume that sleep 
teaching is a reliable if slightly miraculous com- 
mercial technique offering success in acquiring 
skills without effort. The great commercial en- 
deavor began around 1947 when a successful dis- 
tributor of foreign language records began selling 
the records with a loudspeaker designed to be 
placed under the pillow and a phonograph that 
turned on and off automatically. Advertisements 
said that this equipment would enable people to 
learn a language during sleep. By 1958 the busi- 
ness had so expanded that there were records to 
improve salesmanship, to break habits, to enforce 
diets, to enable a person to become financially suc- 
cessful — a more than $10 million business. 

During the mid-1950's Dr. Charles W. Simon 
and William Emmons at the Rand Corp. took a 
close look at the sleep-learning literature which 
tli^n included a spate of scientific studies, some of 
ihem weakly supporting the claim that instruc- 
tion in sleep improved waking performance. 
Simon and Emmons ran their own KEG study and 
decided that if they saw alpha rhythm in the rec- 
ord they would not assume the subject was n-lecp. 
Even with volunteers of high intelligence, there 
was no evidence that material “stuck*’ if presented 
during slow-wave sleep, and signs of learning 
diminished as alpha diminished. They concluded 
that there no good case for factual learning 
during > ep, although some other form of train- 
ing might be possible, perhaps the use of drowsy 
states to mo lify attitudes and supplement waking 



training or psychotherapy. They suggested an 
exploration of the many waking states of con- 
sciousness that are far beneath an optimum 
alertness. 

The Simon and Emmons papers performed a 
cleansing within the murky realm of sleep learn- 
ing. They did not, however, debunk the issue. If 
factual learning of repeated words did not seem to 
occur in sleep, this did not mean that records play- 
ing throughout the night failed to penetrate the 
brain or that they might not have some e ffect dur- 
ing the alpha state before sleep. 

Subsequent behavioral and neurophysiological 
researches have amplified the case against a 
straightforward sleep teaching- presented as -i 
progression of facts. The different sleep phases 
have different properties, first of all. As Webb 
and others have shown, slow-wave sleep occupies 
a goodly proportion of tlie initial part of the night. 
Slow-wave sleep would appear to be the least 
amenable for conventional teaching. In a number 
of experiments demonstrating that people can 
make responses such as pressing a button during 
sleep, the responses more rarely occurred during 
slow-wave sleep of stages 3 and 4. Quite a number 
of investigators have charted the brain's EEG 
response to o stimulus during sleep, and these 
studies of evoked potentials may help to explain 
the apparent impermeability of this phase of sleep. 

In recent studies, Rosner and his associates at 
the West Haven, Conn., Veterans Administration 
Hospital compared the waking and sleeping brain 
responses of people who were repeatedly given a 
mild electric shock, causing a slight tingle at the 
median nerve of the wrist. Analyses of the EEG 
responses from many peoplo and many nights 
corroborated the many data that REM sleep bears 
a close resemblance to waking but that slow- wave 
sleep is quite different. Using sounds ns stimuli 
in a study at Walter Reed, Williams found that 
people gave EEG responses that changed in shape 
in the various stages of sleep nuioh like the re- 
sponses to wrist shock (Williams et al., 19G2, 19G3). 
Using quite another method, Dr. W. K. Adcv and 
his laboratory at UCLA have detected shifts in 
impedance, the electrical resistance of neural tis- 
sue at deep brain sites during sleep and waking. 
Drs. I livid Fou Ikes in Chicago and JoeiCamiya in 
San Francis' o have found that peoplo report dif- 
ferent kinds of mentation in slow-wave sleep than 
in REM sleep, generally remembering far less. 
Now, too findings of Dr. Rosner and his associates 



suggest why mentation during slow- wave sleep 
may bo vastly different from that of waking or 
the REM phase of intense dreaming. 

Projecting in all directions from the thalamus 
are small nerve fibers that finally refer sensory in- 
formation to the entire cortex, a diffuse projection 
system that is thought to bo evSSential to conscious 
awareness. Brain wave patterns, inferred to 
emanate from this region, appear toward the end 
of the EEG response to a stimulus. They do not 
disappear in sleep, but arrive later and progres- 
sively larger as sleep moves from stage 1 to stage 
4. It would seem that it takes longer for the 
integrative process to begin in this deep sleep, 
showing what might bo called a slower reaction 
time, and longer for the process to occur. This 
suggests a kind of slow motion in mental activity. 
Since speed of function plays a role in the quality 
of thought, this evidence suggests that REM men- 
tation would more nearly resemble that of waking. 
During slow-wave sleep, moreover, the latter part 
of the EEG response showed a shape that was the 
reverse of the waking equivalent A negative wave 
occurred where a positive existed in waking. The 
meaning of all this is not known in detail, but it 
certainly adds to the evidence that says the brain’s 
function is far different in slow* wave sleep than 
waking. One might not expect success in teaching 
by methods that ace timed for a waking brain. 

Roughly one-fifth of the night and a goodly por- 
tion of the later pra t of the night is spent in a phase 
of sleep that, by all the accumulated data, seems 
closest t o waki ng ; st age 1 REM. The sha pc of t ho 
EEG response to stimulation is closest to the wak- 
ing response in this period. This is the time of 
vivid dreaming and a great variety of behaviors, 
perhaps a time when specially timed teaching pro- 
cedures might prove effective. Obtaining re- 
sponses from people in this stage of sleep is not 
like asking a waking person to do something, how- 
ever, and the particular properties of this sleep 
stage can be glimpsed in some of the recent re- 
sea rcli. 

Discriminations During Sleep 

At a time when sleep learning looked like a dead 
issue, two laboratories, separated by ft continent, 
were quietly at work reopening the possibility. 
Kamiya and his associates at Langley Porter in 
San Francisco were offering their volunteers money 
as a reward for performing during sleep. The 
performance was not complicated. When ft tone 
sounded, they were to press a thumb switch. Be- 




cause the tone had been coupled to the onset of the 
REM period the investigators wondered whether 
subjects would begin to associate rapid eye move- 
ments with the tone without awakening. Many 
people felt that motivation was important, and 
Itamiya’s subjects began to act as if they were 
learning the relationship of tone and RE Ms — 
especially when ; he money payments increased. 
After about 4 hours they were pressing the thumb 
switch just a little before the eye movements 
b*;gan. This suggested that they had associated 
the tone with the eye movements and had learned 
internal sensations perhaps “warning” them that 
the eye movement period was about to begin. They 
were able, therefore, to tell the outside world that 
they were dreaming or were about to dream. 

A subject in a New York laboratory also learned 
to discriminate between the REM state and other 
sleep (Antrobus et ah, 1964). How does a sleep- 
ing person tell the difference between one phase of 
sleep and another? Does his inner experience in 
some way reflect changes that correspond with the 
marked changes observed on the EEG record? 
Dees ho detect unusual body movement, respira- 
tion, eye motions, vivid dreams? In pursuing this 
problem, Dr. Antrobus has not asked subjects to 
press a switch during a particular stage of sleep, 
but has asked for verbal identification upon 
awakenings. Can a person learn to identify dif- 
ferent stages of sleep as lie can learn to identify 
alpha rhythm? A study of one woman strongly 
suggests that a poison can learn to discriminate 
about his inner sleeping experience {Antrobus, 
1965). The nurse in this study was awakened 
during REM sleep and stage 2. Although she 
knew them only as “A” or “B,” she was ashed to 
guess in which phase she had been prior to awaken- 
ing and was always told whether or not she was 
correct. Tiffs training procedure lasted sor.io 16 
nights, and by the Inst 4 nights the subject was 
almost 100 percent correct. Asked how she dis- 
criminated, she said she felt that there was some- 
tiling in the quality of the sleep, the quality of the 
dreaming, and the depth of sleep. 

Now the experimenter wanted to find out 
whether rapid eyo movements prov ided a cue. On 
several nights the subject was awakened during 
REM periods only during intervals when the eyes 
were not moving, and also during stage 2 sleep. 
Once again, tl ' subject was nearly perfect in lie* 
discrimination and so it did not appear that rapid 
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eye movements themselves dictated her correct dis- 
crimination of the REM stage. 

A further step, requiring the discrimination of 
stil 1 another phase of sleep lias net been conclu- 
sive. However, it docs seem that the subjective 
quality of REM sleep and stage 2 permit a person 
to distinguish between them. Individuals vary in 
their sensitivity tc internal experience, and most 
people are inarticulate about subjective events, so 
that it may take considerable exploration of this 
kind before there is n verbal map oven crudely de- 
scribing the “feeimg ,; of the EEG stages of sleep. 
It is perhaps ironic that the experimenters and 
their cooperative subjects now haltingly trying 
to describe how they distinguish between the EEG 
stages of sleep are mapping a territory 7 less known 
than the space traversed by the astronauts, un- 
charted seas of consciousness through which we all 
pass unknowingly every night of our lives. 

Performance During Sleep 

It has been clear in diverse studies of sleep be- 
havior that people differ considerably in their 
reactions and their sensitivities. In addition, the 
techniques of study hive varied considerably. In 
one study of sleep discrimination the volunteers 
were motivated to perform in sleep by punishment 
for failure to respond. At the beginning of each 
REM period a light went on, as a cue .0 the deep- 
ing person that lie was about to enter a REM pe- 
riod. If he did not respond within a minute, a 
buzzer sounded. V/hcn lie pressed a switch 10 
limes, the light went off. There are a number of 
variations of this experiment, and in one series 
subjects ''"ere mildly shocked if they failed to press 
the switch. Some subjects apparently needed lit- 
tle coaxing, and their performance would improve 
from night to night without punishment, while 
some jKople apparently got used to lights, buzz- 
ers, shocks, and showed little inclination to per- 
form (llammack, 1962-G1). Subjects in another 
labor,- to ly wero receiving even stronger induce- 
ments to perform in the form of what might seem 
even more irritating punishment for failure. 

In the studies of Dr. Harold E, Williams and 
his associates at Walter Reed, the volunteers slept 
with a microswitch to ped in their right hands, and 
they were told to close it whenever a tone sound- 
ed. They \ve r o given three nights of grace. For 
these first nights there were no dire consequences 
if they failed to close the switch when the tone 
sounded, and the tone was automatically turned 
off. However, life was different on the nex f thieo 



nights. Now if the subject failed to close the mi- 
croswitch within 4 seconds of the tone, a fire alarm 
began ringing, lights flashed, and his leg was 
shocked. Tw o of the subjects had been asked to 
discriminate between an irrelevant and a critical 
tone. If they ignored the irrelevant tone nothing 
happened, but failure to close th ^ switch after the 
critical tone brought on the noise, flashing lights, 
and shock. 

The motivating power cf punishment was 
clearly important. On the nights of grace with no 
punishment for failure, the subjects hardly re- 
sponded, almost not at ail during REM sleep. On 
the nights when failure meant punishment, how- 
ever, they were responding to the critical tone 
during all phases of sleep. The biggest improve- 
ment eouM be sem in the REM period, and one 
subject responded 85 percent- of the time when the 
critical tone wr,s played during REM sleep 1 Wil- 
liams et al., 1963, 1964). 

Memory 

These studies suggested that some kind of learn- 
ing might occur during sleep, that people indeed 
might be taught to discriminate between t ho phases 
of sleep. They emphasized the importance of mo- 
tivation in getting anybody to do anything during 
sleep. A fur i her aspect of sleep performance was 
emphasized by a study at UCLA. 

Drs. Mary and Arnold Mnndell and Allen 
Jacobson use I encouragement and careful instruc- 
tion before sleep to motivate (heir subjects. Tha 
volunteers were told that they would hear numbers 
during their sleep. The task was to listen to the 
spoken numbers and remember them but not to 
wake up until the experimenter invited waking. 
The recorded numbers were played and alter 10 
seconds the volunteer was awakened. If the num- 
bers were played diming slow- wave sleep the vol- 
unteers claimed they never ncard them. How- 
ever, they were able to recite the numbers played 
during REM sloop and retried that the numbers 
sometimes entered a dream (Mnndell et ah, U65). 
Ten seconds, however, is a very short time. 
Further experiments are exploring the limits of 
memory during sleep. 

One of these studies has simply involved awaken- 
ing the subject during sleep, presenting a word, 
and varying the amount of t imo t ho person remains 
aweko before falling back asleep. In the morning 
the volunteers have been given tests of recall and 
recognition for the words they had seen and pro- 
nounced during the night. Retention, it would 
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seem, depends upon how soon the person receiving 
the word goes back to sleep. If permitted to fall 
asleep almost directly, he appears to forget— sug- 
gesting that sleep, itself, can prevent the forming 
of a memory (Portnoi? et ah, 1905). 

The shortness of memory for sleep events nay 
account for one’s ability to get up in the morn ng 
and feel char the night was spent in an oblivion as 
deep as death, The last few years of research 1 as 
certainly shown that, far from being dead asleep, 
the sleeping person is mentally active, capable of 
behaviors of many varieties — talking, walking, 
dreaming, thinking, and he is impressively sen- 
sitive to significant events. This discrimination, 
which as Ian Orwald demonstrated, permits a per- 
son to sleep through a stream of names but awaken 
to the sound of his own name, is a most impressiv e 
daily occurrence, yet one we take quite, for granted. 
It is expressed as “the baby’s cry phenomenon” V v 
many investigators. A mother may sleep through 
a violent thunderstorm yet awaken if her baly 
coughs or cries (Oswald, <060, 1961, 1962). 

Experiments in Discrimination 

People don’t stop to marvel at the fact that they 
can sleep through fanvliar noises yet waken if the 
baby cries or a burglar! ike footfall occurs in t ie 
house. Dr. Jose P. Segundo and his associates at 
UCLA have undertaken an experimental analysis 
of this important discrimination. Their subjects 
were cats implanted with elect roclrs. While 
awake, they were trained to discriminate between 
several tones that were close together in pitch so 
that one of the tones became associated with a 
shock to the paw, First, however, they heard all 
tones over and over again until they simply did not 
react when they heard any of them. Then the ( rit- 
ical tone was paired with shock. However, if the 
cat responded to the tone by meao wing orllexinrits 
paw, it managed to avoid the shock. The w mlc 
gamut of other tones were played, meanw file, 
without shock. Now the animal was tested 
during sleep. 

During all phases of sleep, the cats discrimi- 
nated between the critical tone and the irrelevant 
ones. This was apparent on the KEG and in be- 
havior. Whenever the critical tone sounded, the 
EEG patterns shifted toward the characteristic 
fast rhythms of arousal. This happened be ore 
the oats even moved. However, when the ii rel- 
evant tones sounded, there was no such rum sal, 
or at least it was far less frequent. These cat si lad 
not learned during sleep, but applied during shop 
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learning acquired during wakefulness, as in the 
manner of people sleepirg through traffic sounds 
but alerting to the opening of a door. 

The investigators subsequently pursued the pos- 
sibility of sleep learning. Implanted cats, fast 
asleep, were shocked lightly when a certain tone 
was sounded. To avoid shock they merely had to 
alert themselves, and an EEG arousal j^ahem 
permitted them to escape punishment. The train- 
ing procedure was particularly delicate, as might 
be imagined. Only a few shocks could be deliv- 
ered during any one session or the cat might be* 
come too upset to sleep. However, it was soon 
clear that the cats did learn to associate the tone 
and the shock, and the tone elicited the EEG pic- 
ture of arousal. Strictly speaking, this may not 
have been sleep learning, because the training 
shocks had awakened them. The association of the 
tone, with the subsequent shocks probably occurred 
after the. shocks arrived and therefore in a wake- 
ful animal. The shock was then associated with 
the memory of the tone heard in sleep (Segundo, 
1901 ; Buendia et ah, 1063) . 

The issue of memory sj>nn during sleep was un- 
derscored by these studies. During sleep, the trace 
following tha tone— a brain wave pattern whoso 
duration may indicate memory span for the sig- 
nal — is far smaller than during waking. Dr. Se- 
gnndo and his associates varied the interval 
between tone and shock, and found that if it were 
too long the animal never seemed to learn the rela- 
tion. A tone, followed by shock within 10 seconds, 
for instance, was apparently connected by the 
sleeping animal, and h learned to alert to the tone. 
However, when the r A \ oak followed the tore after 
32 seconds, the sleeping animal apparently never 
connected the two events and never learned to 
avoid shock (Eqiiierdoet ah). 

Material designed for learning in sleep appar- 
ently requires special pacing. It would seem that 
relationships can bo imparted by presenting the 
related items — whether they are words or some- 
thing else — close together in time. 

In a human study somewhat, analogous to the 
cat study, subjects discriminated between a signifi- 
cant (shock-paired) tone and a neutral tone 
by showing a particular brain wave formation 
whenever the meaningful tone was played during 
dccpsleep (Bel* and Barratt, 1965) . These subjects 
who had been given chloral hydrate to induce sleep 
showed no signs of shifting into a lighter stage of 
sleep. Tests given to the subjects later, during 
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waking, si 1 owed that the significance that had been 
conditioned during sleep carried over into the wak- 
ing state. The importance of this recent work is 
precisely that sleep-conditioning did not arouse the 
subject and that it did carry over into waking. 
This study underscoi <ss one of the most mysterious 
aspects of recent studies of sleep learning and 
memory. 

Many investigators have emphasized the indi- 
vidual differences they have observed and the by 
no means uniform success in sleep-conditioning. 
Some people awaken. Others do not respond. 
When asked to recall dreams or words heard dur- 
ing sleep, people have displayed a readiness to for- 
get rather than remember. In general, these re- 
sults dampened the hope of accomplishing very 
much by sleep training, and surely the unsophist' ■ 
cated attempts and commercial programs of the 
past had not been encouraging. There is, however, 
a singular group of people who seem to react dif- 
ferently to sleep instruction and display faculties 
of memo >7 for sleep learning. Nobody has deter- 
mined what properties of mind distinguished these 
peop!e > only that they are capable of being 
hypnotized. 

Sfetp Learning in Hypnotic Subjects 

A recent Russian study of sleep instruction was 
performed on schoolchildren who had shown signs 
of suggestibility. After the children were asleep 
for an hour or two, a tape recorder was turned on 
at subthreshold levels. The child was told to con- 
tinue sleeping deeply and to listen and remember 
the text. The recorded text was either a Tolstoy 
story, or, if the child had shown some interest in 
Pavlovian psychology, the text contained material 
on higher nervous activity. When the text had 
been played, the subject was told to remember it 
forever and to sleep on. When tested on this 
material during waking, a good many of the sub- 
jects could repeat the text without knowing how 
they had learned the material and performed as 
well as children who had been given the material 
during waking (Kulikov, 1064). There arc a good 
many questions to bo asked about the w ay in which 
this study was run. So many investigators have 
failed to inculcate even simple material during 
sleep that this report may arouse some skepticism. 
However, a team of investigators at the Institute 
of Pennsylvania Hospital have elicited an equally 
startling, and perhaps related, response in hyp- 
notizable adults. 




This study was undertaken in order to find out 
whether responsiveness to suggestion during sleep 
would permit hypnosis in a person ot lo x suggesti- 
bility. Eight young men participated in the study, 
four of them demonstrably of high suggestibility, 
four of them unresponsive. The procedure was 
simple. The volunteer wore EEG electrodes and 
went to sleep in the laboratory bedroom naturally, 
without hypnotic suggestion. During stage 1 sleep 
he was instructed to move his pillow whenever he 
heard the word “pillow,” and during the deeper 
stages of sleep he heard an instruction to scratch 
his nose whenever he heard the word “itch.” The 
four deeply hypnotizablo subjects responded verj 
differently from the less suggestible subjects who 
either gave no response or si lowed signs of waking. 
The deeply hypnotizable subjects, on the contrary, 
followed instruction whenever it was administered 
in stage 1 sleep. Although they would scratch 
noses and move pillows at the mention of the cue 
word, they did not recall any of this when 
awakened in the morning. 

The results have been replicated using a larger 
sample of 20 subjects who had not previously been 
screened for susceptibility to hypnosis. In the 
course of a free association test the next day, they 
did react to cue words that vrere slipped in. 
More striking than that sign of carryover, how- 
ever, was their performance on the subsequent 
night. Presented with cue words on a second 
night, without any repetition of the instructions, 
they responded again in sleep. When subsequently 
tested for susceptibility to hypnosis, a significant 
but low correlation was obtained between suscep- 
tibility to hypnosis and the rate of responding to 
the sleep suggestion (Cobb et al., 1964 ; Cobb et al., 
1965; Evans et ah, 1065). 

Why does the deeply suggestible person follow 
instructions in sleep 1 'What mysterious mental 
attributes allow him not only to receive instruction 
during sleep but to respond during waking and 
subsequent sleep? Studies of hypnotic subjects 
may help to reveal overlooked possibilities in sleep 
learning. Efforts to find out what suggestibility 
means, and something about the hypnotic subject's 
memory process, may also indicate whether elab- 
orate sleep learning cen be accomplished in the 
ordinary person. During a recent pilot study at 
the University of Pennsylvania, Drs. J. P. Brady 
and B. S- Rosner found that the hypnotic sugges- 
tion to dream produces a trance state with a wak- 
ing brain wave pattern accompanied by the rapid 



eye movements that are characteristic of the vivid 
dreaming phase. Dreams reported by these hyp- 
notic subjects sounded almost indistinguishable 
from nightly dreams, but unlike nighttime dreams 
that seem to evaporate from memory within sec- 
onds, these hypnotic dreams have been remembered 
10 minutes and longer in great detain 

It is interesting that only the Vypnotizable sub- 
jects showed rapid eye movements during their 
dreams. Other subjects were able to manufacture 
dreams but had no conjugate eye movements. Was 
the hypnotized dreamer able to “switch on” part 
of the brain activity involved in nightly dream- 
ing? Is the suggestible person capable of using 
his brain, manipulating his state of consciousness, 
differently than the normal person ? Can he volun- 
tarily “turn on” brain state*' that we customarily 
think of as involuntary? EEG studies like this 
one may eventually begin to characterize the way 
in whitn the hypnotizable perern f auctions by 
elucidating the brain activity in persons who seem 
especially receptive to instruction and capable of 
retention. If it is possible to discover how the sug- 
gestible person uses his brain or, indeed, what 
brain mechanisms are called into play in acceding 
to a hypnotic suggestion, it may also be possible 
to teach such internal manipulations to “non- 
suggestiblo” persons. Such a possibility might 
open the door to unforeseen advances in psycho- 
therapy. If elaborate sleep learning does indeed 
occur and depends upon suggestibility, a greater 
understanding of the nature of hypnosis may make 
such sleep learning techniques available and useful 
to humanity. This knowledge is likely to take a 
long time in the gathering and will probably at- 
tract attention long before the evidence is obtained, 
because it is one of the more glamorous aspects of 
the problem — the yet unanswered question — of 
learning complicated material during sleep. A 
good deal of our insight may eoine from neuro 
physiological studies where already, in far less 
sensational facets of sleep learning, wo have ob- 
served one aspect that is exhibited by all normal 
people and animals. 

Habtlualron 

One kind of learning that does seem to occur 
during sleep — r,s it docs during waking — is nega- 
tive learning. Wo rapidly learn not to get alarmed 
about meaningless events. With eats, if the crit- 
ical tone were repeated without shock, the tone 
soon produced no arousal response, and the crea- 
ture slept through the night. This kind of extinc- 



tion permits a person to adjust to a noisy neighbor- 
hood or to sleep on a train or plane. The learning 
by which one does react to meaningful events, re- 
maining unreactive to trivia, is essential for survi- 
val, and for each individual it is somewhat differ- 
ent, since each life follows a singular course. 
What kind of brain mechanism would give us this 
power of discrimination? 

Segundo and his associates conjectured that the 
learned response is mediated by a neural “receptor 
stage” that detects and identifies the outside event. 
This discharges a “trigger mcchani-m” according 
to pitch or intensity. Finally, an “uUoctor 
mechanism” would organize the conditioned re- 
sponse. In tracking this mechanism to its very 
brain cells, the next study utilized mieroelectiodes 
implanted within single cells in the mesencephalic 
reticular formation in cats. This is the region that 
participates m arousing the animal. Here, per- 
haps, one might see how the critical stimulus 
finally el’cited arousal in the animal. 

This 'was an elaborate study, but briefly it in- 
volved stimulating the cut — perhaps by a touch 
on the shoulder, or by speaking to it, or turning 
up the light in the room — and cataloging the dis- 
charge of the implanted neuions. Kelative to the 
number of cells in this region very few were sur- 
veyed, yet the survey showed cellular activity in 
unbelievable vari ty. Dblerszit cells responded to 
different sense signals — some handling several, 
others only reacting to one. Some cells discharged 
regularly, like * metronome, regardless of stim- 
ulation. Others responded in a restricted manner 
only when stimulation was applied in the form of 
a touch to the right upper lip, for instance, or the 
hair;, cf the cheek. Some fired almost instantly, 
nhers after f ior-g dulav. The diversity of func- 
tion and mode of funt* .1 was enormous (Bell et 
ah, lObl). 

Whr o a rerYe cell is repeatedly stimulated it 
beg! is to discharge less. However, cells attenu- 
ated ^ hTererdJy. Some adapted to sound faster 
tbnn light but if allowed a rest would discharge 
when restimulated. Some cells appeared partic- 
ularly sensitive to novelty, quickly attenuating in 
their response after repeated stimulation. In this 
array of receptor cells, novelty and habituation to 
senrory stimulation wet.* richly represented — 
providing a means of conveying “significance.” 
This may bo the neural background of a rmst im- 
portant kind of learning, for an obvious survival 
value at aches to the ability to sleep through the 
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irrelevant yet awaken when external events are 
meaningful or threatening. By what code did 
the cells convey their messages to a trigger medi- 
an ism in the next step toward a response l Neural 
messages resemble a code of pulses and spaces 
rhythmically organized— a kind of Morse code 
composed only of dots and pauses in tempo. In a 
further study of a single giant nerve cell within a 
mollusk, Segnndo and his associates are attempt- 
ing to learn something about this code (Moore et 
ah, 19G3; Segnndo et ah, 19G3). 

The learning involved in controlling sleep onset 
has not yet been explicated in quite the same 
manner. We all know that some people can fall 
asleep almost instantly at will, but how they do it 
remains a mystery. They may be particularly sen- 
sitive to body cues. Perhaps they pick the right 
moment to decide to fall asleep so that the dement 
of “will power’ is combined with sensitive ad- 
justment to internal rhythms and some training. 
As fairly recent studies have demonstrated, it is 
possible to condition s^eep in a classical manner. 
Pavlov used morphine injection to condition 
sleep in dogs for whom the preliminaries of in- 
jection were cues to fall asleep. His more famous 
dogs salivated at the sound of a bell, but the cats 
and monkeys ot a current TJPLA exjmriment fall 
asleep. 

Conditioning Sleep 

Drs. Carmine D. Clemente and M. B. Stermun 
at UCLA were probably the first io condition im- 
planted cats to fall asleep at the sound of a tone 
(Clemente et ah, 1903). A survey of the litera- 
ture led tnoin to expect that stimulation in an 
area in the basal forebrain might c.*uso synchro- 
nous waves, the waves of sleep, to emanate from 
the cortex. Using an electrode in what is now 
known as the forebrain synchronizing area, they 
would stimulate a cat, and it would drop into 
sleep in 1-2 minutes. Th rough a. window in each 
cage, the implanted cats could be watched as they 
wandered around. They would receive a stim- 
ulation, and the EEG record would change from 
the low-voltage waking script to the rolling waves 
of sleep. The animal would lie down and close 
its eyes. Altering the voltage and the length of 
stimulation had pronounced effect. At a voltage 
just over 1.5 volts, a cat who had just assumed 
a death grip on a live rat would, in the moment 
of throttling, drop the rat and retreat drowsily to 
a corner and sleep. 

The cals did not seem to mind this stimulation 
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at a 1 !. They willingly entered the recording cages. 
Some of them purred. Once they had adjusted 
to stimulation, a neutral tone was added. The 
tone was sounded with the stimulation. After 
many pairings, the tone, by itself, was enough to 
make the cat sleepy and produce the EEG signs 
of sleep. 

An analogous experiment has been performed by 
Drs, Clemente and Kr.auss on monkeys whose re- 
actions are closer to man’s. This classical con- 
ditioning may explain why many of us fall asleep 
at a habitual time, even though we are not partic- 
ularly tired. We have many habits surrounding 
sleep, rituals of washing, turning out lights, and 
associated cues including bedrooms, bedclothes, ^te. 
This routine is conditioned in childhood and much 
of it persists throughout life- Perhaps radically 
different habits could bo trained in infancy. Dr. 
Clemente has speculated that we might learn to 
sleep less. One way to explore the possibility is to 
condition very young animals to sleep less than 
they normally would. The first step in such studies 
is i collection of data indicating how much a cer- 
tain species does, indeed, sleep. Normative data 
on cats shows that they appear to be drowsy 15 
percent of the time, spend 40 percent of the time 
in slow-wave sleep, and about a third of the time 
awake, the remainder in paradoxical sleep (Ster- 
man et ah, 19G4). 

Stimulation of the forebrain synchronizing 
area, coupled with a tone that permitted condition- 
ing, suggested that this brain region might be im- 
plicated in habit formation and sleep regulation. 
After the normative study of cat sleep, each ani- 
mal was given a surgical lesion, knocking out 
large numbers of nerve cells in the forebrain 
synchronizing area. After this surgery the cats 
slept less and drowsed less. Further study of this 
brain area may tell us a great deal about hypnotic 
trance, coma, anesthesia, and the way in which 
voluntary or conditioned controls evolve. The 
basal forebrain contains a reinforcing center or 
“pleasure center” that may well be involved in the 
forming of habits. 

Sleep Habits 

Habit, no doubt, plays f^tne role in falling asleep 
at night. Indeed, many people who take daytime 
naps will perform part of their nightly ritual, un- 
dressing and climbing into bed in order to sleep, 
in accordance with the famous prescription of Sir 
Winston Churchill who felt that this was i!ie way 
to obtain a refreshing nap. When and how are 



these sleep habits foimed? Does infant training 
exert a lifelong influence? A good deal of infor- 
mation has emerged from the studies of Dr. Wiise 
B. Webb and his associates at Gainesville, Fla. 
{Webb, 1957-G5; A gnaw et al., 1961; Williams 
et al., 1904). 

In a look at family sleeping habits, a question- 
naire survey has been conducted among 600 people 
whose age3 range from 8 years to 80. This large 
group includes people who were reared according 
to two very different infant feeding fads. Some 
had been awakened on schedule for feeding during 
infancy while others were fed on demand. Inso- 
far ns the quest i can a ire could indicate, there was 
no clear relationship between these very different 
experiences in infancy ar.d later sleep habits. 
Animal studies have been showing that the 
younger the animal the more flexible is his sleep 
response. Young rats can maintain themselves for 
long periods on a constantly rotating water wheel 
by sleeping in 10-15 second bursts, whereas older 
rats much more quickly fatigue and fall off the 
wheel. Questionnaire responses have shown that 
the amount oi J time o. person sleeps is related to his 
age, the lifetime pattern forming a U-shaned 
curve in which infants and the elderly sleep the 
most. The number of times a person awrkens 
during the night is also l elated to age and in- 
creases with age. In all ago groups, however, 
there seemed to be a very striking and consistent 
relationship between “good” sleep arid what our 
grandmothers might have prescribed as “regular 
sleep habits.” People \vio maintained a regular 
bedtime and regular time of awakening generally 
reported that it was easy to gt to sleep, suffered 
fewer nighttime awakenings, and felt refreshed 
when they awakened in the morning. 

There may bo some relationship between this 
finding and recent evidence from the annum lab- 
oratory. Using rats as subjects, this laboratory 7 
has investigated many factors (hat might, alter the 
likelihood of falling asleep. For instance, it lias 
been found that sound might cause an animal to 
take a long time falling asleep whereas light had 
no such effect. lints are diurnal animals. Nor- 
mally, they sleep during the daytime. Although 
rats vary as individuals, some falling asleep with 
ease, others showing n tendency to lave difficulty 
in falling asleep, the most significant determinant 
of their sleep response appears to bo the diurnal 
periodicity. External means of encouraging them 
to fall asleep rapidly are far more effective during 
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the daytime, during their normal sleep period, 
fhnn at night when the rat would normally be 
awake. Although little is known about the meta- 
bolic clocks within tho body that may produce this 
periodicity, they normally appear to be quite reg- 
ular. Perhaps tho maintenance of a regular bed 
time enables people to take advantage of such 
periodicities within their bodies. 

Sleeping habits employ external cues such as 
turning out lights, but they also involve internal 
cues, thoughts, and emotions. Advice on falling 
asleep usually contains the admonition: “Think 
of pleasant things” If that fails, bore yourself to 
sleep with a repetitive sequence— counting sheep. 
Counting sheep, or being rocked in a cradle are 
repetitive stimuli that may be rebated to the direct 
electrical stimulation that causes animals to sleep. 
It is interesting to note that tho stimulation, by 
which Dr. Clemente and his associates obtained 
sleep in cats, was of low frequency. Tho fre- 
quency was similar to that of the synchronized 
waves of sleep. We may yet discover that a rhyth- 
mic event, timed like that of a person’s sleep brain 
waves, is indeed soporific. 

Voluntary control over sleep may, in addition, 
require more sensitivity to internal body cues than 
most of us learn in our lives. If cycles of physio- 
logical change and mental states indicate an opti- 
mum time for falling asleep, we might learn to 
heed our fluctuations in attention, sense of heat or 
chill, muscular coordination, and other cues. A 
number of studies on the determinants of sleep 
may reveal whether we do, indeed, ignore such 
cues and whether there are optimum periods for 
falling asleep. 

The Awa’<enirg Process 

It is also conceivable that people may learn from 
current sleep studies useful information about the 
process of awakening and when awakening occurs 
most easily. Until recently there has been little 
interest in tho process of awakening. Studies in 
tho Gainesville, Fla., laboratory have indicated 
that people show great individu il differences even 
when their motivation, training, and tasks are 
constant. Measurements of handgripj for in- 
stance, suggest that muscular strength may bo low 
when a person first awakens, returning slowly to 
tho normal waking level (Webb and Jeanneret; 
Webb and Agncw). More recent work suggests 
that an important factor in tho ease of awakening 
is not tho length of time a person has been asleep 
but the stage of shep from which he is called to 
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wakefulness. The difficulty in arousing people 
from sleep during the early part of the night may 
reflect the fact that Die deep slow-wave stage 4 
occurs most frequently in that initial period. 
Since people may be able to iearn to discriminate 
between REM sleep and stage 2, perhaps the dis- 
crimination can be further refined. A person 
might then learn to awaken from a stage of light 
sleep, an optimum point on the cycle, for it seems 
very likely that awakening conics more easily 
from some phases of sleep than others. 

Summery 

Voluntary control over sleep behavior and, in- 
deed, some facets of waking consciousness, have 
come into systematic investigation only recently. 
Only a bare beginning lias been mad* in the study 
of sleep behavior itself. Even in l mi partial re- 
view, it must be clear that there are many diffi- 
culties inherent in this area of study* Xot least 
among them may be our difficulty in defining 
sleep. Some people can respond to the outside 
world without showing apparent EEG changes 
in their sleep, yet others show rhythms resembling 
those we identify with waking. Moreover, people 
lia v e been known to sleepwalk out of the EEGs 
of deep sleep, or to show sleeping brain waves 
while seemingly wide awake. The behavior of 
lying still with eyes closed is not enough to tell 
us that a person is asleep, and sleeplike brain waves 
nay be contradicted by apparently alert behavior. 
The fact that there appear to be two extremely dif- 
ferent kinds of sleep and that behavior during 
REM sleep often differs from the rest, docs not 



help to settle the problem. Wo have, however, 
begun to recognize these problems, j nd that is the 
sign of a giant stride into a region of human life, 
of activity and consciousness, that never before 
seemed so rich. 

Although the conditioning of brain wave se- 
quences and the exploration of introspective 
development may seem Olympian and distant 
from practical application, such studies may ulti- 
mately offer powerful new techniques to the 
medical doctor and to the psychotherapist and 
psychiatrist through ‘.istruction in physical and 
mental control. We have discovered that people 
can discriminate between one phase of sleep and 
another, can accept some information during sleep, 
and can communicate with the outside wond. 
They can learn to control states of consciousness 
that they couldn’t previously identify and for 
which they had no awareness. The EEG, used 
as a feedback system, may make it possible to 
instinct people in the verbally incommunicable. 
Most of these findings cannot be applied at once, 
but progress has been rapid, for the work cited 
here has been accomplished largely in the last 
5 years. It is clear that the feats of a Ilamid 
Bey hold some considerable interest for us still, 
although in a new light. Pel f -sovereignty and 
full access to one’s own richness of consciousness 
is the supposed epitome of the cultivated man, 
yet the discipline of body and mind that might 
mould such an ideal have long been neglected by 
the Judeo-Christian majority of the Western 
World. 
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The Marquis d'Hervey attributes complete liberty of action and attention 
to the intelligence during sleep, and he seems to think that sleep consists merely 
in the blocking of the senses, in their being closed to the external world . So 
that on his view a sleeping man would hardly be different from a man who 
shut off his senses and allowed kis thoughts to wander . 

Maury 

It is quite likely . . . that a modification of our attitude towards dreams 
will at the same time affect our views upon the internal mechanism of mental 
disorders, and that we shall be working towards an explanation of the psychoses 
while we are endeavouring to throw some light on the mystery dreams. 

Freud 

You will see stout horses , even when their bodies are lying down yet in 
their sleep sweat and pant without easing , and strain their powers to the utmost 
as if for the prize, or as if the barriers icere thrown about open. And often 
during soft repose the dogs of hunters do yet ill at once throio about with 
their legs and suddenly utter cries and repeatedly sniff the air with their 
nostrils. . .. 

Lucretius 



Chapter VII. The Dream State of REM 



Onco upon a time, before 1052. most people 
thought that dreams vre/'e rate events, perhaps 
caused by bodily discomfort or aching conscience, 
by trauma, sensory stimulation, or the insurgence 
of an unruly subconscious. The discovery that 
all people dream every night camo as a sur- 
prise to many although a large number of classical 
studies had alrbady heralded the finding. Like 
many developments in science, a long progression 
of researchers composed the prelude to the work of 
this decade although the earlier work attracted 
less public attention. 

The germinal studio, from which much of 
modern sleep research ha? burgeoned, began in- 
nocuously enough at the University of Chicago 
where Dr. Nathaniel Kleitman devoted himself 
single-mindedly to the study of sleep. Dr. Eugene 
Aserinsky, then ft graduate student working with 
Kleitman, turned attention toward phenomena 
that had been spotted before and never thoroughly 
studied. Aserinsky, studying the movements of 
sleeping infants, was arrested by the fact that the 
slow rolling movements of (lie eyes would stop 
periodically, for intervals. IIo began to watch 
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adults and saw that there were recurrent intervals 
of body quiescence when the eyes began making 
rapid jerky movements beneath the closed lids. 
At that time it was a curious and startling observa- 
tion, and it took some doing on the part of a grad- 
uate student to demonstrate that this periodic ac- 
tivity did indeed occur in sleep. When AserLi- 
skv and Kleitman watched sleeping volunteers 
they saw that the rapid eye movements (REMs) 
occurred periodically, at a time when there were 
sharp increases in respiration and heart rate and 
the EEG showed a low-voltage, desynchronized 
pattern ve. different from the rolling waves of 
deep sleeo (Aserinsky and Kleitman, 1953, 1955; 
Kleitman, I960, 1963). 

Back in the 1930’s, shrewd observers indicated 
that this EEG pattern meant dreaming qualita- 
tively different from dreaming iu other stages of 
sleep but the time was not then ripe for a surge of 
corroborating research on this phase of \:p. 
When Aserinsky and Kleitman awakened volun- 
teers during tliis REM and EEG pattern, subjects 
almost always narrated a dream, while awakenings 
at other periods of sleep rarely evoked such rcporls. 

7b 
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Dr. William C. Dement, then also a graduate 
student at Chicago, pursued the finding, affirming 
the coincidence of dreaming with the KEM and 
low-voltage EEG pattern (Dement and Kleitman 
1057), Subsequently lie noted the same pattern 
in the sleep of cats, a finding confirmed by Dr. 
Michel Jouvet of the Faculty of Medicine in 
Lyon (Jouvet, 1960). At this point two major 
paths of dream exploration had begun in the ani- 
mal laboratory of neurophysiology and in the 
EEGr label utory where human volunteers came to 
sleep out the night. 

Nobody could have predicted how rapidly sleep 
research would capture the scientific imagination. 
Where a few men with solitary persistence had con- 
centrated on t ho overlooked third of life, in 10 
years there followed a new generation of scientists, 
many of whom elected sleep as their province of 
research. From the start the arresting differences 
between the REM intervals and the rest of sleep 
suggested that REM was a unique physiological 
and psychological state, The physiology, itself, 
began to shoss a unique configuration first emerg- 
ing from the studies of Dr, Frederick Snyder and 
his associates at NIK (Snyder, 1960). 

Since 1952 so much data has come pouring out 
of the laboratories that it cannot be recounted in 
a small space. A sampling may indicate what we 
have learned about the amount of REM dreaming 
in humans and animals and what it may indicate 
about the evolution of the mammal brain, the de- 
velopment of the normal infant brain, mental 
hygiene, and mental illness. .Many of our clues 
about the physiol ogy of dreaming have come .a 
bits and pieces, as have our data showing t lie na- 
ture of brain activity during dreaming, with im- 
plications that may aid our understanding of 
mental illness. Although the bits and pieces do 
not fit together ns a neat whole, they have been 
generally congruent, linking activity of body, 
mind, and behavior in a way that has advanced 
the study of human behavior another st2p out of 
(lie dark ages of phenomenology. There is no neat 
way to isolate research in neurophysiology from 
research on bodily changes during dreaming, or 
personality factors, nor to isolate the chemistry 
?i dreaming, or behavioral data, and so the group- 
ing used to describe studies of the dreaming state 
is somewhat arbitrary. 

The REM Cycle 

Rack in the olden days of dream research, littlo 
more than a decade ago, two very remarkable facts, 



were discovered. Tod ty they are taken for 
granted, hue at that time masses of di ta and many 
confirmations were required to persuade the scien- 
tists that they really had found what tliey thought 
they had found. Everybody dreamt every night, 
and moreover, they dreamt in regular cycles, each 
for nughly the same amount of time (Dement, 
1965) . Subjectively it is easier to think of dream- 
ing as infrequent, because, in part, memory for 
dreams is so brief. Yet the assortment of students 
and housewives who were paid to sleep in Abbot 
Hull at the University cf Chicago gave richly 
detailed dream narratives when awakened during 
REM periods. As Dement and other investigators 
repeatedly awakened volunteers it became dear 
that young adults had a similar pntern cf vivid 
dream episodes. About 90 minutes after falling 
asleep they would rise into a REM state, usually 
for a short period, about 10 minutes, then fink 
down into deep sleep for about an hour before 
rising again for a longer dream period. Hundreds 
and hundreds of people have now been recorded, 
and the average young adult seems to drearn about 
20-25 percent of his sleeping time, in five or so 
REM periods, at roughly hourly intervals. Indi- 
viduals appear to have somewhat distinctive pat- 
terns, and some invest igators can look at a person’s 
EEG record of several nights’ sleep and predict 
when lie will start dreaming, and for how long. 

The very discovery of an outside handle to a 
person’s dreams set a blaze in the imaginations 
of psychologists and psychiatrists. Was this 
KEG state akin to the hallucinating states of psy- 
chotics m the DT’s of alcoholics? Were certain 
psychotic symptoms merely displaced dreaming! 
If everybody dreamed a certain amount each 
night, what happened when a person couldn’t 
dream ? 

REM Deprivation 

During the nnd-1950’s, I)r» Dement, working 
with Dr. Charles Fisher at Mount Sinai Hospital 
in New York, began the first of a scries of dream 
deprivation experiments. Volunteers, carefully 
observed and questioned, and under strict rules 
not to take alcohol or drugs or naps, were allowed 
to sleep their usual sleep in the laboratory — except 
for REM periods. At the first sign of rapid eye 
movement and EEG desynchronized pattern, the 
subject was awakened, then permitted to go back 
to sleep. For five successive nights the volunteers 
were awakened in tins manner. Although they 
had gotten about 6 hours of sleep, some of them 
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complained of psychological discomfort, began to 
eat more than usual, and suffered anxiety. One 
subject quit the study after several days in an 
apparent panic. This did not happen to the con- 
trol subjects whose equivalent awakenings took 
place in non-REM periods (Dement, 19G0). 
The initial study, which has since been re executed 
in many variations, created a great flare of excite- 
ment. It suggested that people needed to dream. 
Not only did deprived subjects complain of some 
psychological discomfort, hut on each successive 
night they attempted to dream more often. After 
their stint of dream deprivation, when they slept 
undisturbed in the laboratory, they dreamed about 
GO percent more than they had on baseline nights. 
They appeared to be making up for lost dreams. 

Initially, the psychological facet of the need to 
dream captured the most attention. Deprive a 
person of his dreams, the study suggested, and ho 
begins to suffer psychological abnormalities. This 
interpretation coincided nicely with Freud’s 
theory that dreaming formed the safety valve of 
mankind, permitting an express. on for the many 
drives and impulses that civilized man must 
repress. Many subsequent dream deprivation 
studies have thrown this interpretation into ques- 
tion. Dement, himself, and many others have 
sometimes failed to notice any marked psycho- 
logical changes even after more thorough and ex- 
tended deprivation. But the need to dream — as 
expressed in ever increasing attempts to dream 
and in a huge and unambiguous orgy of compen- 
satory REM time following deprivation — lias 
been seen in every deprivation experiment, human 
or animal. Dr. Charles Sawyer and his associates 
at UCLA deprived rabbits of REM sleep by leav- 
ing them in a chamber where a hissing noise was 
continuously played. When the noise was turned 
off, th o rabbits appeared to make up lost REM 
time with more frequent and longer P.EM periods. 
Dr. Michel Jouvet and his associates in Lyon have 
deprived cats of REM sleep for as long as 20 days. 
Subsequently aVowcd uninterrupted sleep, the 
cats spent about 60 percent of their time in the 
REM stale and fell directly into that state from 
waking. This compensatory dreaming lias been 
observed in people, among them dexedrine addicts 
and alcoholics who have been withdrawn from 
dream -suppressing drugs. It has been seen among 
the totally sleep deprived and among some psy- 
chotics after periods of reduced REM li.ne. The 







need to dream appeal's to be uniform, or perhaps 
one should say, tho need for REM s T eep. 

Today, with mounting evidence .Tom animal 
studies, it appears t hat the need for REM sleep 
must ho more than a psychological need. The 
dreaming of tho REM state is a physiological as 
well as a psychological process. Indeed, it lias 
been thought that the psychological disruptions 
observed in some volunteers after dream depriva- 
tion are actually the signals of a physical penally 
that may have to be paid if the REM cycle is pre- 
vented for too long a timo. Nevertheless, it is in- 
teresting that people have varied in their reactions 
in the several deprivation studies so fur. The very 
fact that some people show effects and others do 
not raises questions that are germane to a wide 
variety of human studies in psychology, and may 
bo worth examining as an instance of the uncer- 
tainties facing scientists within the broader 
context. 

Why have sonic subjects felt anxious, empty, 
hungry, unable to concentrate, a few of them even 
extremely unsettled after a degree of REM loss 
that had no such effects upon subjects in other 
studies? Possibly, in some of the initial and short 
studies the experimenter? diu not see in their 
screening of volunteers that they were in a state 
of fatigue. Subjects may have been more anxious 
to begin with than was apparent on testing. There 
is another possibility, albeit unlikely. Sometimes 
even the most cautious experimenter may inad- 
vertently reveal his expectations by cues so subtle 
that the subjects will live up to an expected role 
without even knowing they are doing so. This has 
been a pitfall in ninny studies of hypnosis, but it 
seems an unlikely explanation here, because ani- 
mals deprived of REM sleep have shown pro- 
nounced behavioral symptoms. 

Cats, deprived of their activated REM phase 
for long enough, show very bizarre behavior dis- 
order?. Cats have been deprived of REM sleep 
in several ways. They have been placed upon a 
stono or other object surrounded by water. Tin’s 
permitted them slow-wave sleep, but they would 
topple into cold water whenever their neck and 
head muscles relaxed at the onset of REM sleep. 
In some studies they have been awakened by an 
attendant and set upon their feet the moment their 
EEGs and muscle tonus signaled tho onset of 
REM periods. Jouvet has observed distinctions 
between deprived and normal laboratory cats, 
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even after mode 'ate deprivation. The deprived 
animals were, in Jouvet’s expression, tired, sad 
cats. Visitors to the Lyon laboratory were able to 
pick out cats who had been REM deprived a year 
earlier because they were so subdued and unaggres- 
sive. More recently, Dement and Jouvet have sub- 
jected cats to prolonged deprivation periods of 30- 
70 days. These cats have exhibited a variety of 
disturbances. Some have become “hungry,” eating 
abnormally, restless and indiscriminately hyper- 
sexual. They have acted as if their basic drives 
were enhanced by the deprivation. 

In studying human beings, the experimenters 
have always terminated the deprivation long be- 
fore there were such abnormal signs out of appre- 
hension that REM loss might cause irreversible 
damage. Dement and his associates have been 
studying cats under partial deprivation and severe 
deprivation to see whether there is damage to the 
nervous system. When a cat’s nervous system is 
in any way “poisoned” there will be a discernible 
difference in its EEG after hearing a click. One 
of the tests for REM loss damage has been a series 
of recordings from the cochlear nucleus of cats. 
This is a first relay station for the sound impulse 
traveling upward in the brain. A first study has 
shown that the EEG response changes consider- 
ably in the REM deprived cats, returning to nor- 
mal after the animal has been allowed REM sleep. 
Control animals, awakened on the same schedule 
as the deprived cats, showed no change in EEG 
response (Dewson et a]., 1965). Other signs of 
altered sensitivity within regions of the brain may 
accompany REM loss, perhaps associated with 
biochemical changes. These may indeed be related 
to the behavioral changes noted. 

Notwithstanding the animal studies, there ha\e 
been several dream deprivation studies conducted 
with human volunteers, which have shown nppar*- 
ently conflicting results. Subjected to 5 days of 
REM deprivation, and not total deprivation at 
that, volunteers reported irritability, emptiness, 
anxiety and other symptoms (I)emenL 19C0). 
Yet a person in a later study conducted by the same 
experimenters, endured 13 consecutive nights of 
dream deprivation with few signs of changes. 

More recently, Dement and his associates went 
through a grueling vigil in order to deprive three 
subjects of nil REM sleep for 16 days. This time 
the subjects were awakened the moment muscle 
tone disappeared under the chin, an event that 
usually precedes the other signals of a REM pe- 




riod. After eight nights the first subject was try- 
irig to dream so often and it was so hard to wrestle 
him awake that it became impossible t > deprive 
him of REM sleep without totally depriving him 
of sleep. He would start dreaming the moment 
he was allowed to close his eyes and fall asleep. 
The next volunteer was given dexedrine to sup- 
press dreaming. Ife, too, began dreaming more 
and more often. Soon the investigators had to 
awaken him incessantly. By the 15th night lie was 
dreaming as soon as he closed his eyes, a behavior 
seen among narcoleptics, certain psychotics, or 
after drug withdrawal. By this time he had 
changed from a taciturn, compunctious, moral per- 
son into a blue-streak talker, an unreliable subject, 
a man who wanted to sit in a nightclub without 
ordering drinks until he was thrown out. On his 
first night of recovery he dreamed 120 percent 
more than usual and reverted back to his normal 
self. The th'rd subject showed a personality 
transformation after 14 nights of deprivation, and 
the experiment was terminated after 16 nights. 
On the next night he dreamed 160 percent more 
than his usual REM quota, and he, too reverted to 
Iv* usual self (Dement, 1965) . 

Another subject deprived of dreams for 16 
nights by Dement and Fisher had shown no psy- 
chotic symptoms, but he evinced obviously dis- 
turbed behavior, memory disturbances, time sense 
distortions, preoccupations, and an inability to 
work. Ho sat around in a stupor most of the day, 
yet when he was being tested or interviewed, he 
managed to r obilizo his forces. This is probably 
an important issue in many psychological studies, 
for as everyone knows from experience, it is pos- 
sible to be exhausted, distraught, and largely im- 
mobilized, yet summon up all one’s resources at a 
critical moment and gwo a good performance. 

All in all there have been few studies of pro- 
longed dream deprivation. This is understand- 
able because it is a monumental strain on the 
endurance of investigators. Each subject must bo 
monitored continuously, da^ and night. The ex- 
perimenter must keep n tense vigil throughout 
several nights of baseline recording, then main- 
tain a split -second alertness throughout the eon 
sccutivo deprivation nights, followed by the nights 
of recovery sleep. 

One recent deprivation study of two young men 
was prompted by the discrepancies in psycholog- 
ical reactions (Kales ct ftl., 1964). The subjects 
were under constant observation, and were de- 



prived of REM periods in two separate experi- 
ments. For 6 nights, the rapid eye movements 
formed the awakening signals, whereas for 10 
consecutive nights the loss of muscle tcnus waa 
used as the alarm clock. In both studies neither 
psychological testing nor direct observation re- 
vealed any significant changes. Roth volunteers 
reported vivid dreams and frag?nents when 
awakened, suggesting that they obtained several 
seconds of dreaming even before loss of muscle 
tone signaled the investigators to awaken them. 
The investigators conjectured that this brief pe- 
riod contained a great deal of compressed and per- 
haps accelerated dreaming, and they concluded 
that despite marked REM deprivation they were 
not really dream depriving subjects. 

There is still another possibility. Individuals 
may vary considerably in the amount of REM 
loss they ean stand before they begin to show pal- 
pable signs. Although researchers have been care- 
ful to avoid accepting volunteers who are neurot ic, 
overtired, or in an obviously precarious mental 
state, there is a great range of constitutional and 
personality differences in humankind. Members 
of the U.S. astronaut team, who have demonstrat- 
ed a certain halo and rugged capacity to with- 
stand all manner of stresses differ from other 
members of the population who are nevertheless 
quite healthy. People differ considerably in their 
response to a simple test ouch as placing a hand 
in cold water for a brief time. Perhaps the dif- 
ferent responses to intervals of REM deprivation 
r effect another dimension on which human be- 
ings vary, and the point of psychological suscepti- 
bility may vary 7 both among people and within the 
same person during different stages of his life. 
One might still expect that tin re would be a limit 
beyond which an individual could not suffer REM 
loss without palpable signs. 

If there is an element of individual differences 
in tolerance to dream loss, and indeed a wide dis- 
tribution of mental-constitutional traits, one 
might expect to see a similai diversity in animals, 
some evidence in animal studies of marked diver- 
sity within the same species. There have been a 
number of cases beari g on this point, and one 
which is particularly relevant. 

Personolity end EEG Differences lr» Co!s 

Although we tend to treat animals the same in 
the laboratory, everyone is aware th.it eats differ 
from one another much as people do. A demon- 
stration of tl ‘so differences has been part of a long 



rcslarch program conducted by Dr. Barbara 
Brawn and her associates at the Sepulveda V. A. 
Hospital. The behavioral traits of 10) cats were 
catelyorized by a Qsort technique, and subse- 
quent, studies showed that distinctive EEG charac- 
teristics occurred with each of the major “person- 
ality! groups. The purpose of this classification 
was ip obtain some baseline of an animal’s behav- 
ior blfore testing on him psychotropic drugs in 
d oses pompar able to those that would be given the 
humaii patient. Two striking studies will illus- 
trate Ihc extent of the EEG-behaviorat differences 
obsenpd among these cats. Usually, when an ani- 
mal explores a now ca go, orienting himself so to 
speak, ho will show a theta rhythm from tho hippo- 
campi Tho frequency of theta decreases as tho 
cats b como adapted to the new cage. Cats who 
had b en categorized as “average,” when placed 
in a s range recording cage spent the least time 
exploi Pg before settling down to sleep, and 
showe . their theta rhythm at this time, but L soon 
vanisl id as they adapted. Cats who were cate- 
gorize 1 as “anxious, or withdrawn” spent consid- 
erable time exploring the new cage, and showed a 
great leal of theta, at a very high frequency usu- 
ally f en in activated (REM) sleep. Cats de- 
scribe as “overly outgoing” also spent a long time 
explo mg and adapting, showed a great deal of 
theta. 3ut of a lower frequency than tho rhythm of 
the of ier cats. 

Us ally, during activated or dreaming sleep tho 
cat a ;ain shows tho hippocampal tneta rhythm. 
Cats scored as “average” showed theta sleep tho 
first ime they were in tho recording cage. Both 
“out. ping” and “withdrawn or anxious” animals 
took s long as four or six sessions in the- it voiding 
cage !>eforo they showed thet a during sleep. Min- 
imal i beta during orienting, and the appearance of 
thcti during sleep might indeed bo said to bo a 
sign >f quick adaptation, theta perhaps represent- 
ing a fundamental behavioral signpost. 

Di Terences between tho “average” cats, and tho 
“outgoing” or “withdrawn” animals reasserted 
them elves when the animals were given a small 
anion jt of alcohol. Within tho first20-30 minutes 
after llicir drink, all of the “out going” were drows- 
ingorusleop, although some of the animals showed 
and awake EEG. Similarly, all of the “with- 
drawi ” cats were asleep within a half hour after 
taking their drink, but these cats showed a slow 
and si ?epIiko EEG in tho experimental situation, 
even b *fore sleep. By cont rast, < he “average” cats 
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were awake and alert for 2 horn's after their drink, 
and although none slept : some showed a sleep EEG 
while others showed an EEG of waking. Behav- 
iorally, in any event, the “average” cats reacted to 
alcohol very differently from the. deviant animals. 

Experiments with REM deprived cats suggest 
that them may be some di (Terence among the ani- 
mals, but this has not been the focus of these stud- 
ies. These studies are yielding essential informa- 
tion that cannot be obtained from hum*. * studies. 
One such study may be important in understand- 
ing what happens ^iien a person continuously suf- 
fers a small reduction in REM dreaming, either 
because he has a sleep disturbance or mental ill- 
ness, or because lie takes drugs or is alcoholic. 

Partial Dream Deprivation 

One icsearch study on human volunteers has 
suggested that there may be differences in the way 
people compensate for partial dream loss, certainly 
over short intervals (Sampson, 1965), 

Dr. Harold Sampson of Mount Zion Hospital, 
San Francisco, has been watching t^v any detect- 
able p.ychc logical changes that might come from 
partial dream deprivation, but a deprivation not 
occasioned by constant awakenings or by drugs. 
Subjects in this study go for several consecutive 
nights with only 2 1 /? hours of sleep. Here indi- 
viduals differ greatly in the rapidity with which 
they begin to dream and how much of their sleep 
is taken up in dreaming. For instance, one per- 
son dreamed for a full hour on his second night 
of reduced sleep, but only 10 minutes the next 
night, and showed almost no compensatory dream- 
ing on recovery nights of full sleep. Another per- 
son managed to dream for only 1 minute on the 
first deprivation night, for 15 minutes on the next, 
and about 40 minutes on the third night. These 
signs may bo reflecting constitutional differences 
in reacting to dream loss. 

Another, perhaps related, incident of individual 
variation was observed in an experiment that was, 
roughly speaking, designed to see whether a per* 
son compensates for 5 nights of total REM depri- 
vation and for 20 nights of 25 percent REM 
deprivation with the sane amount of recovery 
REM time. After 20 nights of partial (25 per- 
cent) REM loss, 1 subject showed an increase that 
would have been compatible with 5 days of total 
deprivation. However, something very interest- 
ing had been noticed during the 10 coi secutive 
nights during which the experimenters were com- 
puting the subject's normal quota of REM sleep. 
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wo subjects showed a slight increase in the per- 
centage of REM sleep throughout these 10 base* 
line nights, while 2 other subjects gave every 
evidence of a constant REM quota after their first 
2 nights in the laboratory. This suggests that it 
may be necessary to observe some laboratory vol- 
unteers for a very long time before concluding 
what percentage of their sleep time is spent in 
the REM period (Dement et ah, 1965). Whether 
these differences reflect reactions to the laboratory 
situation, to events in the person’s life, or to 
changes in schedule, diet, or physiology, they illus- 
trate some of the difficulties inherent in dream- 
sleep research. 

For all the individual diversity in reaction to 
dream loss, and for all the variance seen in ani- 
mals, one factor remains unchanged. An indi- 
vidual spends a fairly constant portion of his sleep 
in REM dreanii;,?. MTien his REM quota is re- 
duced, whether it occurs as a result of fever, of 
anxiety, of alcohol, drugs, or awakening, he will 
dream more on subsequent nights. 

Of course, when on experimenter deprives an 
individual of REM sleep, or when a person de- 
prives himself either through illness, by cutting 
down on sleep, or by drugs — he is not just losing 
dreams. The brilliant episodes of inward experi- 
ence are summoned by the activity of the brain, 
and are accompanied by bodily 2 >rocetses. The 
lost intervals are not only psychological, as rapid 
eye movements, themselves, might have suggested. 
The process in which our most memorable dream- 
ing seems to occur is an integrated neural process, 
related to the surging of our emotions, the behavior 
of our bodies. Within the experience of tho dream 
itself, the memories wo summon, the euphoria or 
rage we feel must follow some laws by which the 
central ner/ous system and indeed our entire body 
and being operate (Fair, 1963). 

Mustfe Tone 

When the REM period 13 excerpted from even a 
single night of sleep, a huge variety of body activi- 
ties must go with it, for the unique properties of 
the REM dream period are not restricted to the 
brain. The braiivs peculiar activity at this time 
is correlated with effects ihroughont the muscles 
and in the autonomic system. 

Tho most dramatic demonstration of changes 
in muscle tone is the catapDctic fit of r. narcoleptic 
who goes through no slow transitions but falls 
directly into a REM cfafo and collap3C3 like jelly. 
Tho relaxation of sleep involves a decrease of elec- 
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trical activity in muscles throughout the body. 
These changes have been observed by many but 
were recently mapped in a thorough way by a team 
of UCLA researchers (Jacobson et ah, 10 G4; 
lleu.v.it, 1005). They found that the body mus- 
cles do not show marked changes from one stage 
of sleep to another. Clearly, they retain some 
potential, because people do move and turn. Dur- 
ing stage 4 some people even get up and walk 
in their sleep. Many people have noticed that a 
person turns and moves as he approaches a dream 
period, like a person settling in a theater seat 
before the curtain. Then lie is relatively quiet. 
By using surface electrodes on volunteers, the 
UCLA team watched the changing activity levels 
of 29 muscles during sleep. Occasionally there 
would bo bursts, some of these corresponding with 
twitches during REM periods, but in general then 
the activity leveU were low. At the onset of REM 
sleep, however. - < e head and neck muscles show a 
sharp decrease hi tonus. This is such a reliable 
phenomenon that the muscle under the chin has 
been used as a REM al arm clock. 

By placing an electrode on the chin muscle, its 
sudden decrease in electrical activity can be used 
to activate a switch, telling an experimenter in 
another room when an animal or person has stalled 
dreaming. The same technique has been useful 
with small babies, permitting a count of their 
REM time without burdening them with other 
electrodes. 

Because certain head muscles lose tonus at the 
onset of REM sleep, it is perfectly apparent when- 
ever a rabbit starts to dream. This is the one 
rime when its ears flop. Ordinarily the creature 
will stretch out in a number of positions to sleep, 
oars held straight back, but during the REM sti tc 
they suddenly droop. 

The picture of an animal in this phase of sleep 
h familiar to any pet owner. The paws, tail, 
and whiskers occasionally twitch, the animal may 
lick or suck or even emit barks or cries. Some- 
times his extremities are slightly convulsed in 
nyoclonic jerks. Occasionally perih erections 
occur. The ears may twitch and the nictitating 
membranes almost completely rover the pupils of 
t he eyes. Breathing may be irregular, and the eye- 
balls seem to move in short rapid jerks. This is 
the picture observed in dogs, cats, rats, rabbits, 
monkeys, and man. Dr. Frederick Snyder of 
NIMH has recently observed that the opossum, a 
most primitive animal, shows REM sleep. Signs 
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of REM sleep have been found in all mammals 
investigated: in the lamb, ass, goat, even in birds. 

Physiological Excitation 

During these periods of REM sleep animals and 
men seem to be swept by waves of physiological 
activity, storms of neural excitement. The ripples 
of activity on the surface are more noticeable than 
eye movements, and could be seen by any careful 
observer. They did not attract attention and 
study in the past, partly because people were not 
looking, and partly no doubt because bedclothes 
obscured body movement. Active sleep is quite 
apparent in infants. Out of a quiescent serenity 
an infant can be seen, suddenly frowning, sucking, 
grimacing, his breathing uneven, his fists waving 
and uncurling, feet kicking. Anybody can see 
these signs. Although periods of “disturbed” 
sleep, probably REM periods, had been deserved 
in the 1920’s by a clinician who speculated that 
they were associated with dreams and instances of 
cardiac catastrophe, no careful sleep studies of 
heart, rate and respiration were made at tha t time. 
There was no correlation between the EEG and 
“disturbed sleep” (MacWilliams). The intuition 
was nevertheless a sound one, for it is during the 
early morning hours, the time when people have 
their longest dream periods, that inexplicable heart 
attacks sometimes occur. During early studies of 
the REM period in adults, Aserinsky and Kleit- 
man observed that the heart rate and respiration 
rate seemed to increase in these intervals. The 
physiology of the dream state warranted a. much 
closer examination, and it was Dr. Frederick 
Snyder and his associates at NIMH, who initiated 
the now extensive exploration, starting in the late 
1950’s. As their research program has begun to 
indicate, the physiology of the REM state has 
many ramifications for medicine, for the treat- 
ment of cardiac patients, epileptics, and many pa- 
tients whose symptoms appear to bo exacerbated 
during those particular hours in which REM sleep 
prevails. 

Cardiorespiratory Change* 

A closer look at the heart rate, the blood pres- 
sure, and the respiration of sleeping adults re- 
vealed no simple and striking increases during 
REM sleep, for the increased levels were rela- 
tively small. The overall nightly pattern, ob- 
served in a study of 12 young men and women, in- 
dicated that systolic blood pressure begins to drop 
at the onset of sleep reaching a minimum in about 
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2 hours, and rising progressively back to its orig- 
inal level during the rest of the night. Respira- 
tion and heart rate dropped continuously as the 
night wore on {Snyder 1960, 1962, 1964) . 

If these cardiorespiratory functions did not 
show large and uniform increases during REM 
sleep, they showed another pattern that is perhaps 
more alarming to the clinician apprehensive about 
nighttime cardiac crises. During REM periods 
the systolic blood pressure, pulse, and respiration 
fluctuated, sometimes wildly, an erratic pattern 
that somet imes sent blood pressure above any levels 
observed during the quiet waking intervals before 
sleep. (Snyder et al., 1964). Nightlong measure- 
ments of pulse rate and blood pressure had been 
taken by recording pulse sounds from a micro- 
phone taped on the ankle, and an automatically in- 
flated leg cuff, a laborious collection task mat was 
followed by an even more laborious data analysis 
(Snyder et ah, 1963) . The REM periods were, in- 
deed, intervals of marked variability, a finding 
that has since been confirmed by other investiga- 
tors (Karaiya, 1961; Shapiro et ah, 1964). 

Whether this variability is related to the emo- 
tions of dreaming, is triggered by excitations from 
the central nervous system, or by a combination of 
mechanisms — it is a finding of considerable in- 
terest. Systolic blood pressure, as measured by an 
arm or leg cuff, is the pressure of blood expelled 
from the heart by its contraction. This pressure 
is reflected in the expansion of arteries and veins. 
In the healthy person with a normal heart, the 
systolic surge is followed by decreased pressure in 
direct proportion. This is the diastolic phase of 
pressure that occurs when the heart expands and 
the chambers fill with blood. The intervals of 
contraction and expansion are reflected in the 
pulsing of the blood, from which we detect the 
rate at which the heart is pumping. The relation 
between pulse rate,, blood pressure, and rate of 
respiration is complicated and not well understood. 
Variations of heart rate and blood pressure often 
occurred during fluctuations in breathing but 
sometimes they were independent (Snyder et ah, 
1964). These occasionally dramatic and sudden 
excursions in the heart rate and blood pressure 
may offer a clue to the nighttime heart attack and 
cardiac failure during sleep. Many people have 
supposed that violent dreams might bo the cause 
of such attacks, and a number of investigators 
have observed that particularly intense dreams 
may be accompanied by more eye movements, and 
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greater changes in respiration. It is early to say 
whether the emotionality and violence of dreams 
are always matched by greater changes in these 
outward bodily indicators (Snyder, 1960, 1965). 

The radical physiological fluctuate iS that were 
observed by Snyder and others present more of a 
problem than would progressive increases in blood 
pressure, etc. In hypertensive patients, for in- 
stance, it is true that high blood pressure is worri- 
some, but the more dangerous tendency is often 
that of sudden and enormous shifts in blood pres- 
sure which are hard to prevent and control, even 
by sympathectomy or drugs. 

It is clear, given the clinical ramifications, why 
investigators have wanted to obtain very precise 
measurements of blood pressure dui.ng sleep. Di- 
rect measures of arterial blood pressure and blood 
flow might be obtained continuously throughout 
the night by using implanted catheters. This is a 
difficult and touchy procedure, but it has been ac- 
complished in the monkey, revealing the pattern 
observed in man — great variability during REM 
sleep (Stoyva et ah, 1965). Similarly, heart rate 
and respiration varied during REM sleep. 

Oxygen Consumption 

Some recent findings by Dr. Eugene Aserinsky 
may help to explain this picture. At the onset of 
each REM period respiration is regular, but it 
becomes shallow breathing. When breathing be- 
comes very shallow, there is less oxygen in the 
blood. At times, during REM periods, arterial 
oxygen saturation drops below the point that a 
person would tolerate were he awake and holding 
his breath. This may trigger an acceleration, an 
increase in the respiratory rate. It is not clear 
exactly what causes this incredibly shallow breath- 
ing. However, there may be some connection be- 
tween the depth of respiration and the heart rate, 
in which shallow breathing i=> accompanied by a 
transient slowing of the heart. 

The observation of peculiar respiration patterns 
during sleep, relatively even and regular during 
slow-wave phases, variable during REM perio r 
led to many questions about the mechanisms tli 
might bo causing them. The consumption of ox\ 
gen is an important part of the body’s energ 
metabolism, and ono method of looking indirectly 
at metabolism has been to examine tho exchange 
of inhaled and exhaled gases. This is the basis of 
tho rough and ready basal metabolism test which 
measures oxygen consumption. Dr. Aserinsky has 
used an oximeter, attached to the ear lobo of a well 




trained sleeping volunteer, and a face mask that 
filtered out exhaled carbon dioxide and oxygen. 
By this method ho found that tho oxygen level de- 
creased sharply and reached its lowest levels dur- 
ing REM sleep, a sharp decrease not observed dur- 
ing slow-wave sleep. This may seem related to the 
shallow breathing, subsequently found during 
REM sleep. On tho other hand, there was no evi- 
dence of pronounced changes in carbon dioxide 
in tho periods leading up to the REM periods. A 
recent study of gas exchange, in another labora- 
tory, suggests that there may bo some accumula- 
tion of carbon dioxide in the body during tho 
intervals between REM periods. 'These apparent 
inconsistencies reflect the use of different instru- 
ments, and different handling of the data, under- 
standable in an area demanding such difficult 
techniques. 

One recent search for tho clues to metabolism 
during sleep by examining gas exchange lias em- 
ployed a temperature and humidity controlled 
metabolic chamber. Thirty subjects have been 
studied within this chamber, as they slept through 
the night, under a plastic hood. Air was contin- 
uously pumped into the hood, and analyzed for 
oxygen consumption and carbon dioxide excretion. 
An initial analysis suggests that there is a relation- 
ship between metabolism and the stages of sleep 
observed or; the EEG. Oxygen utilization ap- 
peared to be greatest during REM sleep and least 
during stage 4, and carbon dioxide appeared to be 
accumulating during the intervals between REM 
periods (Brebbia and Altshuler, 19C5) . 

Beginning with the outward signs of eye move- 
ments, respiration, muscle tonus, etc., scientists 
saw the clues that the dream state, REM sleep, had 
certain physiological properties that were differ- 
ent from the rest of sleep. Why do respiration 
and blood pressure show certain peculiar changes? 
Why does the gas exchange seem to change? The 
questions have led inward. 

Brain Temperature 

Two laboratories, working independently, have 
seen evidence that there are portions of tho brain 
which rise in temperature during REM sleep. 
Sleeping rabbits, implanted with small thermo* 
couples in the preoptic region of tho hypothala- 
mus, have shown a waxing and waning of brain 
temperature, considerable variation during sleep. 
During slow-wave sleep, tho brain temperature 
dropped, but it rose sharply during episodes of 
REM or activated sleep, sometimes reaching tem- 
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peratures higher than those of waking arousal. 
Implants in other brain regions also shewed simi- 
lar temperature fluctuations, but more slowly, 
whereas measurements taken in the skin of the 
neck and body did not show temperature changes 
parallel to those of the brain. This suggested that 
the forebrain, and particularly the hypothalamus, 
might be areas in which there is a great deal of 
metabolic activity during REM sleep (Kawamura 
and Sawyer, 1965). 

A similar conclusion was drawn from a study 
of eats. Cats with thermistors implanted in tho 
cortex or hypothalamus indicated the onset of 
REM periods with a considerable rise in brain 
temperature. Moreover, the rising brain temper- 
ature was correlated with diminishing amplitude 
of tho brain waves, suggesting that the dimension 
of the brain waves, themselves, might give some in- 
dex of brain metabolism (Rechtschaffen et al., 
1965). Once again, judging from notable in- 
creases in brain temperature and their implications 
for brain metabolism, it seems that the REM state 
is curiously different from the rest of sleep, bear- 
ing many resemblances to waking. 

Biochemical Changes 

Metabolism is, of course, a very general term 
and perhaps misleading on that account, for body 
and brain metabolism encompass the multitude of 
systems that break down food, air, and other sub 
stances into the useful components to provide cn- 
ergy, or -instruct other chemicals, repair cells, 
etc. A host of biochemical transformations are 
constantly occurring and interacting throughout 
the body, throughout life. Reasonably, inves- 
tigators have suspected that the peculiar REM pe- 
riod must be accompanied by diverse biochemical 
changes. Small changes, especially in human sub- 
jects, are hard to detect, and offer a technical 
challenge that often outstrips our present labora- 
tory capabilities. However, a start has been made 
in the search for some of tho more relevant and 
perhaps related chemical changes, and this r.ew 
body of work has been reviewed by Dr. Arnold 
> landed of UCLA (Mandell, 1905). 

A number of subjects have learned to sleep with 
a catheter in their arm, and it has been possible 
to scan the rise and fall of free fatty acids in the 
blood during sleep. These substances reach peak 
concentration nronncl tho middle of the night rnd 
drop to a nadir before waking. Their variation 
over the course of the night may cum out to bo 
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correlated with the occurrences of REM periods 
(Scott, 1964). 

Nightlong blood samplings have been obtained 
from other cat he ter -wearing subjects, in order to 
trace the course of certain stress hormones, the 
17-hydroxycorticosteroids. These steroids show 
a pronounced effect upon the central nervous sys- 
tem, and when they are not in adequate produc- 
tion can induce an inability to concentrate, and 
restlessness. They appear to bo most concentrated 
in the blood during the early morning hours, 
before awakening, and in lowest concentration at 
night, showing a correspondence with the circa- 
dian rhythm. The interesting pattern observed Vu 
a study of six subjects was that the rise in 17- 
OHCS was not gradual, but that it occurred In a 
series of jumps during the latter part of the 
night’s sleep. These novations came in intervals 
of 1-2 hours, and there was some correlation with 
REM periods. On* pattern was clear for all sub- 
jects: The hormone level during the second half 
of the night was four times the level in the first 
half — a ratio in striking correspondence with the 
percentage of sleep devoted to REM, which was 
five times as great during the second half of the 
r.ight. Although these hormone levels may not 
turn out to play a role in causing REM sleep, 
they may suggest one link in a biochemical chain, 
part of a hypothetical and biological clock that 
triggers the activity we know as the REM dream 
state (Weitzman et cl., 1965), 

Various hormonal fluctuations may be asso- 
ciated with a number of curious bodily changes 
during REM sleep. Some hormones, for example, 
play an important role within the gastric system. 
Hero is another area that has shown some interest- 
lug activity during sleep. Patients with duodenal 
ulcers, for example, have been known to exhibit 
high gastric secretion at night. Very recently a 
group of investigators looked into the patterns of 
patients with duodenal ulcers, with the hunch that 
their high nighttime gastric secretions might be 
related with REM dreaming. Patients and nor- 
mal controls all slept with tubes from which 
stomach contents were sampled, while polygraph 
recordings wen? taken. The ulcer patients showed 
a significant increase in gastric secretion during 
REM periods, whereas the controls had a low 
secretion rate throughout the night, and one that 
did not differ greatly whether they were awake, 
in dreaming, or nondreaming sleep (Armstrong 
et al., 1965). 
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The reemt and growing evidence of pronounced 
biochemical changes, coinciding wit i the REM 
period, may not be knit together for some time to 
come, but it lias struck off a surge of investigation 
that already shows some clinical interest. 

Erection Cycles 

As people look more closely at the physical 
dreamer, it is evident that the bizarre images, the 
travelogues of the mind, are not the only strange 
events of the REM period, but that the entire 
person must be swept by unusual excitations. 
One of the more obvious of these signs is the 
penile erection that slightly precedes almost every 
REM period in males, from infancy into great 
age. The phenomenon of nightly erections was 
described by three German researchers two decades 
ago as occurring at intervals of roughly S5 min- 
utes and lasting some 25 minutes. This sounded 
so much like the distribute; A REM periods that 
Ian Oswald of Cambridge University began to 
study the phenomenon. His measuring instru- 
ments precluded a reliable correlation; however, 
a correlation between REM periods and erections 
has been m'ide recently by Dr. Charles Fisher, 
Joseph Gross, and Joseph Zuch at Mount Sinai 
Hospital in New York. An initial study of 17 
subjects indicated that erections preceded rapid 
eye movements and lasted throughout 95 percent 
of the REM periods. Recent studies have indi- 
cated that this phenomenon is not altered by 
regency of sexual orgasm, and it does not seem to 
stem from overtly sexual dream content. If 95 
percent of the REM periods are accompanied by 
erection, then the odd dream periods need ex- 
planation. Instances of sudden detumescence 
appear to be related to dreams of severe anxiety, 
and total absence of erection may bo related to 
fatigue and anxiety (Fisher et al., 1965, Karacan 
et ah, 1965). It has been observed among animals 
and man that intense emotional excitement, not 
specifically sexual, can be accompanied by erection. 
Perhaps this is a discharge overflow from intense 
neural excitement occurring within drive-related 
centers that are activated in the dreaming brain. 

The Eye Movements 

O .e of the most puzzling of the dream accom* 
pa. iments is the physical signpost by which it 
was detected, the rapid eye movements themselves. 
Why do the eyes movo as if they aro watching 
events on a screen or reading? The obvious 
answer seemed at first to bo that, the eves were 
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scanning the dream images. A number of inves- 
tigators have reported that t lie re seemed to be 
more actual eye movements accompanying dreams 
of events that in real life would require frequent 
shifts of gaze (Berger and Oswald, 1962). Sev- 
eral investigators sought to find out whether tlm 
eyes moved when a person merely imagined son e 
activity. Dr. G. II. Deckert showed a swinging 
pendulum to subjects, then asked them to close 
their eyes and imagine it. Their eye movements, 
when they were imagining the movement, closely 
resembled the actual watching of t lie pendulum 
(Deckert, 1964). A further study by Dr. Bar- 
bara B. Brown and her associates suggested that 
the eye movements during such a recall would 
slightly exaggerate or diminish the original, real 
motion, and that these movements occurred both 
in people who deliberately .xperience visual imag- 
ery and tlmse who cannot (Brown et ah, 1964). 
Sunil - evidences have come from others (Antro- 
bus et ah, 1964). 

If the overt eye movements of dreaming indi- 
cated t lie scanning of images on an interior screen, 
they might not be expected of the blind, especially 
the congenitally blind. Drs. It. Berger, P. 01 ley, 
and I. Oswald found no rapid eye movements or 
reports of visual imagery 7 in the dreams of con- 
genitally blind people, although they did exist in 
people who had been blind from 6-15 years 
(Berger et. ah, 1962). Drs. William Offenkrantz 
and Edward Wolpert did see one instance of rapid 
eye movements in a congenitally blind person 
whose dreams were not visual, and recent studies 
of people with lifelong blindness have indicated 
that they do have rapid eye movements during 
stage one “dreaming” sleep. It would seem that 
previous failures to record REMs in the congen- 
itally blind have bc°n due to deficiencies in the 
recording method. (Gross et ah, 1965). 

In 1960, Drs. Howard RolTwarg, W. C. Dement, 
Joseph Mu^io, and Charles Fisher carefully awak- 
ened volunteers after particular eye movements, 
and asked for detailed accounts of the dream event. 
Another investigator, who did not see the record 
of eye movements, was given the dream story and 
told to map out and space the eye movements that 
would match it. These tracings matched the 
actual eye movement record with great accuracy. 
This work am 1 further studies correlating eye 
motion with dream event suggested that the eyes 
were indeed following dream events (RolTwarg 
et ah, 1962). 
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Although the eye movements may be related to 
the moving pictures of the mind, the response may 
not resemble the voluntary action of watching a 
real tennis game nor even with eyes closed, imag- 
ining a game. A number of very different find- 
ings bear on this point. First of all, some of the 
eye movements recorded during dreaming are so 
large and furious they would be inconceivable as 
voluntary movements in waking life. (Oswald, 
1962). Rapid conjugate eye movements can be 
caused by artificially changing the electrophysio- 
logical state of the frontal coil ex (Rassmussen and 
Penfield). Animal studies, primarily studies of 
cats, have shown that there is considerable elec- 
trical activity in the visual system during REM 
sleep where sudden bursts known as spike dis- 
charges have been recorded from within the brain. 
Such spikes have been found during rapid eye 
movements in the pontine reticular format ion of 
the brain stem, and in two centers of brain that 
form relay depots for impulses as they travel from 
the eyes and optic nerves toward the back of the 
cortex and the occipital region involved in vision 
(Jouvet ; Michel et al., 1964). 

The eyes are, of course, ordinarily important in 
maintaining physical balance, although much of 
onr neural apparatus for adjusting balance de- 
pends upon the vestibular system leading from the 
ears. Here, too, in spite of the fact that our post- 
ural muscles lack tonus during sleep, neurons of 
the vestibular system show bursts of rapid dis- 
charge during the rapid eve movements of REM 
sleep (Bizzi et ah, 1964). 

Similar bursts of electrical activity have been 
observed in the visual cortex and in the eye muscle 
(Michel et ah, 1964). This latter activity did not 
seem to originate in the rerina or in the nerve 
receptors of the eye muscles, nor in the cortex as 
one might expect of an imagined vision. Even 
when extrinsic ocular muscles and eyeballs were 
removed, the pattern of discharges on the visual 
cortex and brain stem remained (lie same. By 
surgical cuts, it was shown that this discharge ac- 
tivity did not come from the cortex and descend 
to the brain stem level. Instead, it seemed t o origi- 
nate in the pons of the brain st on and spread to- 
ward tho eye muscles and central pathways of the 
visual system. 

During REM sleep distinctive discharge pat- 
terns can be seen in another part of thd visual sys- 
tem, tho lateral geniculate. The altered firing 
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patterns of these ceils do not seem to come from 
tho retina and its nerve routes, but possibly come 
upwards from tho pontine reticular formation in 
the brain stem (Bizzi, 1965). This is an unex- 
pected link in the brain network that may contrib- 
Vte to the visual imagery of dreaming. 

Close readings of electrical potential changes in 
the eye muscles during It EM sleep show a more 
rapid and chaotic activity than any seen in wake- 
fulness, suggesting that dream imagery would 
have to ho incoherent to produce such a scanning 
pattern. This is, of course, possible, Wo may 
write the connective scenario of dreams after the 
hodgepodge of images One likely explanation 
suggested by tho data may be that the eye move- 
ments are the result of “electrical” storms gen- 
erated within the brain during dreaming and 
sweeping through portions of the visual system, 
bearing indirect relation to the visual imagery. 

Kitters have been reared in total darkness, yet 
have shown rapid eye movements during sleep 
(Fishbein et ah, 1965) . Monkeys have been raised 
with contact lenses permitting some light, but no 
patterned vision, and they, too, show rapid eye 
movements in sleep (Berger and Meier, 1965). It 
has been observed that pupil dilations occur dur- 
ing the REM periods, phasically, but these occur 
in blinded cats as well as normal cats (Berlucchi 
et ah, 1964), and may represent excitation that is 
not directly related to dream imagery. 

Many facial muscles are spasmodically activated 
during dreaming. This is the time when babies 
suck or smile, when the cat’s whiskers twitch. It 
is the time when people usually grind their teeth. 
A tree of nerves known as the trigeminal nerve 
blanches to many facial muscles, including the 
masseters whose contractions result in teeth grind- 
ing. The motor nucleus, the root of this cranial 
nerve, is very near to a brain stem nucleus that 
emits great bursts of electrical activity during 
REM periods and perhaps transmits its excitation 
to these facial muscles. 

If dreams are perplexing and strange, it is clear- 
ly a most strange state we are in as wo dream. 
Our ej*es move, we twitch, we may talk or utter 
sounds, we breathe shallowly and irregularly, our 
heart rate fluctuates, erections occur, and at tho 
same time muscle tonus is very low and we are vir- 
tually paralyzed for short periods, often showing 
no knee reflex (Dement, 1965), whilo portions of 
our brain seem to bo suddenly swept with storms of 
sudden, brief activity. What curious organization 







of the nervous system could be responsible for such 
an implausible interval in existence? Why might 
a brain that wakes ar d rests fall intu these cycles 
of bizarre activity? What function could such 
a state servo in the survival of creatures as complex 
as man and as primitive as an opossum? How does 
this dreaming brain appear to behave? 

Similarities to the Waking Brain 

Probably the most striking thing about tho 
dreaming brain is its resemblance to the waking 
brain as judged by some of its brain wave patterns. 
The brain is by no means precisely like the awuke 
brain during REM periods, but it is quite differ- 
ent in irs behavior from the brain during all other 
sleep. A truly enormous number of studies have 
emphasized this point; a good portion of these re- 
searches have compared evoked potentials from 
a brain site during waking and several phases of 
sleep. In this procedure a sound, a light, a touch, 
or some other stimulus is repeated and the brain’s 
reaction is recorded in tho instantaneous EEG 
pattern. This EEG response is minutely analyzed 
and each wave compared for size, duration, shape, 
and latency. Two kinds of findings of especial 
interest have emerged from this method. One is 
illustrated by readings from the scalp of human 
volunteers who received mild wrist shock. During 
waking and stage 1 REM sleep the EEG response 
is similar in shape, etc., close yet not identical. 
The segment of this response thought to represent 
the integrative areas of the brain that transform 
sensory impulses into feeling begins to arrive much 
more slowly from stage 1 sleep into stage 4. This 
suggests that the quality of mentation, somewhat 
akin in waking and REM, must change consider- 
ably during deep sleep (Allison, 1964, 1965; 
Rosner et al., 1963). 

A second, seemingly paradoxical finding has 
been reported by Rosner and a number of investi- 
gators — essentially that sens rv stimulation evokes 
more of a response during deep sleep than during 
waking or TEM. Dr. Heruandez-Pcon and his 
associates in Mexico City demonstrated this odd 
fact and suggested an explanation (Demand jz- 
Peon, 10G5). During one study of cats, they re- 
corded tho elect rierd potential changes from the 
fifth sensory nucleus, a point where a nerve fiber 
bearing tactile impulses from tho skin finally en- 
ters the brain. They touched the cat lightly on 
the face. During waking, this touch evoked only 
a small potential in response, Suggesting th. 
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sensory stimulation was somehow being screened 
out. During REM sleep Ihe potential was small, 
as well. But during deep slow-wave sleep the 
brain response was exceedingly large, suggesting 
that any filtering system must be virtually inoper- 
ative. Sensory inflow appeared to be heavily cen- 
sored during wakefulness and dreaming sleep. 
Other studies suggest that some of this filtering 13 
accomplished at the periphery. 

Parallel studies performed during the late 1950's 
indicated that this censorship might be an essential 
ingredient of focused attention. Hernandez-Peon, 
recording from electrodes implanted in the optic 
radie *ons of patients undergoing diagnoses for 
brain surgery, had discovered that the EEGs 
showed a large potential when a light was flashed 
in their eyes at an idle moment, but that this poten- 
tial was considerably diminished if the patient 
happened to be conversing when the light flashed. 

The potential declined similarly when the patient 
did a mental arithmetic problem or tried to recall 
a past event in his life. It looked a 3 though a sub- 
cortical inhibiting mechanism were at work pro- 
tecting the individual from irrelevant sensory 
inflow during moments of concentration, ihus pre- 
venting a chaos of incoming stimuli from sabotag- 
ing all focused behavior. During REM dreaming 
and waking such a protective filtering may guard 
our capacity for attention, and indecu, protect 
sleep. 

This similarity between brain response ii. wak- 
ing and the REM state has been exposed by studies 
of man and different animals, performed for dif- 
ferent reasons by Evarts, Rosner, Rosenblith, 
Segundo, Williams and Adey, to mention only a 
few. 

Similarities have also been seen in (he spon- 
taneous activity of brain cells recorded at a time 
when no external stimulus was applied. Dr. Ed- 
ward Evarts of NIMII has recorded from monkeys 
the activity of single cells in the pyramidal tract, 
which bears messages from (lie cortex (o the motor 
system. Some cells showed the greatest frequen- 
cies of discharge in waking, were diminished in 
REM sleep, and lowest in slow-wave sleep. These 
cells showed least variability in waking, but 
greatest fluctuation during REM sleep. Curiously 
r lough, the wild discharge irregularities they 
o tiered during REM sleep resembled the pattern 
when the waking monkey moved, reached for food, 
or scratched himself. Evarts and his colleagues 
were among the first to demonstrate that brain 
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cells do not simply become inactive during sleep, 
but that they discharge lifferentlj , some of them 
mere rapidly and m)re often. Electrodes im- 
planted in the visual c* Ttex of cats showed that the 
cells of this area increased their activity during 
REM sleep, a finding that seems consonant with 
the visual hallucinations of dreaming. 

The dreaming brain also seems to bo hotter than 
the brain m other stages of sleep. Moreover, 
a correlation between the changing brain tempera- 
ture and EEG amplitude lias suggested that this 
amplitude may be an index of brain metabolism 
(Eechtschaifen et al., 1905), Thus, it would seem 
that high brain temperature, and low EEG ampli- 
tude imply a high rate of brain metabolism, and 
are an index to the liveliness of mental activity in 
sleep and waking. Once again, the dream state 
seems to resemble waking rather than the quiescent 
stages of sleep. 

Yet another kind of probe int o the brain has told 
of some great similarity between waking and REM 
sleep. Dr, Heinz Caspars of the University of 
Munster implanted rats with direct current elec- 
trodes. Ordinarily, neurophysiologists use alter- 
nating current electrodes. Roughly speaking, the 
DC potentials showed a pronounced positive shift 
during slow-wave sleep, but they showed a nega- 
tive shift during REM sleep, DC shifts corre- 
sponding to the alternating phases of sleep have 
since been seen in rabbits (Kawamura and Sawyer, 
19G4). These all indicate striking similarities be- 
tween brr/n responses, cell activities and back- 
ground state in waking and dreaming, 

A Difference From the Waking Brain 

One very striking di Here nee between the brain’s 
responses in sleep and waking has been noticed in 
the great bundle of nerve fibers that connects the 
two halves of our brains. All mammals essen- 
tially possess two brains, joined in the middle by 
fiber bundles, the major one being the corpus cal- 
losum that runs down the middle of the 'Cortex. 
By severing these libers it has been found that they 
play a significant role in telling the right side of 
the brain what the left lias perceived or thought, 
a major integrating function. Neural cells of the 
cortex, associated with the corpus callosum, show 
intense auivity during attentive wakefulness, pre- 
sumably coordinating the many activities within 
the brain. However, there is a progressive de- 
crease of activity in these cells during sleep, and 
studies performed with implanted cats have shown 
minimal activity -wen during REM sleep. The 
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activity of evils associated with this vast fiber sys- 
tem differ considerably in waking and sleep, and 
may suggest a more subtle distinction between the 
brain’s capability in dreaming and waking (Ber- 
.iucchi, 19G5) . 

After a study of chimpanzees, whose sleep cycles 
and brain responses most closely resemble man’s, 
Dr. W. R, Adey of UCLA has suggested that 
REM sleep is not deep unconsciousness but a 
state in which attention is concentrated internal- 
ly when the creature is insensitive to peripheral 
stimulation — a state resembling those moments 
when an individual is so wrapped up in thought 
or in a book as to be virtually oblivious to the dis- 
tractions around him. Although many neuro- 
physiological studies and especially recent studies 
of chimpanzees emphasize great differences be- 
tween the sleep mechanisms of man and those of 
lower animals, it is interesting to note that many 
experimenters working with cats or other animals 
have come up with the same description of REM 
sleep as a stata of inward concentration. 

The Neuroanalomy of the REM Strife 

The brain anatomy of the REM state, insofar 
as «ve can decipher the puzzle, has been exposed 
by a number cf researchers. It lias been explored 
brilliantly by Michel Jouvet and his associates in 
Lyon. Their research on cats, on accident victims 
with head injuiies, on normal people, has led them 
to conclude that dreaming is a unique state, that 
two different neural systems must control sleep 
and the REM state. Jn a sense, they have postu- 
lated a dream-inducing center in the brain stem 
whose activation is associated with the many 
physiological changes seen in dreamers. 

Occasionally an infant is bom with only a brain 
stem, hydranencephalic. Because it has no regu- 
latory mechanisms to keep it alive, such an in- 
fant usually dies very rapidly. If maintained 
artificially, however, this tragic creature, with 
only brain stem for a brain, shows KE(Ts and 
rapid eye movements like those of the REM state 
(Pierce ct aL, 1965). 

Severe head injuries may cause regions of white 
matter to degenerate; this white matter consists 
of millions of tiny nerve fibers that connect one 
part of the brain with another. Thus a person 
who is decorticated in an accident is not devoid 
of his cortex, but the descending cable system en- 
abling voluntary commands to reach the rest of 
the brain, and thus the body, are now destroyed. 
Accident victims, who on autopsy show that they 




were decorticate, may live for several years, bed- 
ridden, staring aimlessly, sleep ; ng only for short 
intervals, unable to see, hear, or follow commands. 
Jouvet and his associates observed, that such 
people, during sleep, showed every sign of being 
in a REM state but not slow-wave sleep. Slow- 
wave sleep seemed to require descending impulses 
from the cortex and was prevented by decortica- 
tion. 

Other accident victims, observed over several 
months, seemed to be “unconscious” yet almost 
permanently awake. For short intervals they 
would appear to sleep, and this was always slow- 
wave sleep. There was great muscle activity dur- 
ing this time, and tonus very rarely disappeared; 
there was no sign of REM sleep. On autopsy it 
was clear that these people had been damaged at 
the lower part of the midbrain and in the brain 
stem pontine reticular formation. This corrob- 
orated laboratory experiments with cats — suggest- 
ing that the knob of neural tissue at the base of 
the brain, the poris, must regulate the REM state, 
and without its activity there would be no REM 
sleep (Jouvet, 10C0, 1961, 1962), 

Jouvet and his colleagues have performed in- 
numerable experiments upon cats to explore In 
a precise, and refined manner the effects long seen 
in accident victims. By stages, they destroyed 
small areas of nerve fibers and watched what hap- 
pened to sleep. When they decorticated cats, t lie 
animals slept only in the REM phase and no longer 
showed the synchronous waves of deep sleep that 
seems to emanate down from the forth rain. Many 
people, in this laboratory and elsewhere, had in- 
duced sleep by stimulating hypnogenic areas in 
the forebrain. 

When Jouvet and his colleagues stimulated the 
caudal pontine area of the brain stem, however, 
the cat would fall into a long interval of REM 
sleep. After many transection?, they found that 
the caudal pontile nucleus must be crucial to REM 
sleep, for if it were destroyed, the animal no 
longer showed any of the characteristic signs in 
sleep. 

When Jouvet destroyed the pontile triggering 
center, ho found that the animals no longer had 
REM sleep. They were progressively dream de- 
prived, and showed, in extreme, symptoms remi- 
niscent of human volunteers in dream deprivation 
experiments. Many of the animals, for instance, 
became ravenously hungry and obese, and showed 
serious behavioral disturbances. Many of them 
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showed behavior that seemed to be hallucinatory. 
These animals seemed to be the most telling 
examples of what severe and totai REM depriva- 
tion could do, and of the importance of the pons 
to the dream state (Jouvet et m., 1960 65). 

"Recent findings confirming this .^bservavon have 
been phrased slightly differently (A. Comacho- 
Evangelista and Reinoso-Suarez, 1964). In the 
rostral part of the pons there must be structures 
responsible for activation, for when they are de- 
stroyed, there is synchronized rhythm in the brain. 
Within the pons itself, however, some lesions pro- 
duce synchronization while others produce activa- 
tion, depending upon location, indicating the com- 
plex duality of roles played by cells within this rel- 
atively small 3 egion. 

In simple, perhaps oversimple, terms, there is a 
small region in the pontine brain stem area that is 
a part of a system that seems to generate arousal 
by its activity. Characteristically, it emanates 
low voltage, clcvsynchronizing EEG patterns. 
These are the EEG patterns that are observed 
from the cortex and other regions during waking 
and REM sleep. However, when other areas of 
the brain above this region become active, they 
seem to generate the synchronous rhythms ob- 
served in deep sleep, in anesthesia, or coma. 

The discovery that high activity within a brain 
stem nucleus seems to trigger the dream state may 
help to explain some of the peculiar bodily mani- 
festations at this time. The pons lies close be- 
neath the limbic system including the hypothala- 
mus. In the human being, roughly speaking, this 
brain tissue resides jmt above the palate, above 
the roof of the mouth. This system, of which the 
hypothalamus is part, is associated with emotions 
and instinctual drives. Stimulations here can 
produce eating, drinking, rage, pleasure, abhor- 
rence. By their anatomical connection, excite- 
ment from the nearby pontine region may spiead 
into this area thus activating some of thb responses 
(sucking in infants, erections) associated with the 
rudimentary elements needed for survival. As 
yet uncharted, these paths of excitotion may be the 
physical foundations of drives expressed during 
dreaming. 

Jouvet’s work, augmented by the researches of 
other colleagues, has produced voluminous and 
elegant evidence that a very small area within the 
pons must trigger the electrical brainstorm w-j 
know as the REM dream state. Lesions within 
a tiny region of the pons would cancel out n!l para- 
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doxical sleep in laboratory animals. Now, working 
within this minute region, Jouvet a id hiu asso- 
ciates are beginning to elucidate some of the pe- 
culiar phenomena v*e have observed in the sleeper, 
the twitches, and sudden muscular contractions 
that occur in an interval otherwise characterized 
by body quiet and general muscular tonelessness. 
Within the caudal pons a small cluster of cells 
known as the nucleus coeruleus appears to gen- 
erate the inhibition of muscular tone we see duri ng 
REM sleep, an inhibition that prevents us from 
acting out dreams, or moving, even perhaps the 
most frightening inhibition, the frequent inability 
to scream out during a nightmare. When this 
tiny nucleus was destroyed by a lesion, the sleeping 
animal in paradoxical sleep moved a great deal, 
as if acting out a dream. His movements re- 
semble sleepwalking, and indeed, this brain region 
may hold one of the keys to the mysterious phe- 
nomena of somnambulism. Although muscle in- 
hibition no longer occurred when this nucleus was 
damaged, the phasic twitches — of the pupils of the 
eyes, of the whiskers, etc. — remained as usual. 

Is the REM State Part of Sleep? 

There is voluminous evidence that the dream 
state, whether it be known as activated, paradoxi- 
cal, or simply REM sleep, is a state that differs con- 
siderably from the rest of sleep. Jouvet and others 
have suggested that it may be a totally different 
state, quite unlike what we usually consider sleep. 
Moreover, an impressive amount of evidence has 
been summoned to indicate that this peculiar sec- 
ond state of sleep is regulated by centers in the 
por.s, invoking a quite different set of brain mech- 
anisms and consequences than one finds in slow- 
wave sleep. This has been a strong and appealing 
hypothesis, and a very fruitful one, for it has gen- 
erated an enormous amount of experimental work, 
which in turn has begun to illuminate some of the 
peculiarities of REM s’oop. It is not, however, the 
only theory that attempts to explain REM state, 
and other investigators have not made up their 
minds that slow-wave sleep and the It EM state 
are totally different, states, subserved by two sep- 
arate neural mechanisms. It is not at all surpris- 
ing to find oontro\ ersy about this issue, for the sci- 
ence is young, the explorations recent, and the brain 
is noted for its complexity and diffusion of func- 
tions, Thus, debate over the antinomy of neural 
mechanisms governing the REM state may con- 
tinue unresolved, for sometime. 
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One aspect of the debate revolves around the 
differences between higher mammals and man, and 
findings that suggest that structures far forward 
in the brain, the amygdala, may play a significant 
role in regulating the time we spend in each phase 
of sleep (Adej" et al., 1063; Reite et ah, 1964; 
Rhodes et ah, 1965). In eats, during the activated 
phase of sleep, the hippocampus shows a pro- 
nounced theta rhythm, and very slight electrical 
stimulation to the hippocampal region will invoke 
the activated phase of sleep (Brown and Shryne, 
1964). It has been suggested that the brain stem 
may exert a less potent influence in higher mam- 
mals and man, and the cooperation of phylogeneti- 
cally newer and more cortical brain areas may be 
important to the REM dream state. Indeed, it has 
been suggested that the REM state may be a kind 
of rebound activity, interrupting long periods of 
cortical quiescence and general sensory isolation. 

Many people have speculated that the phases of 
sleep are the outward signs of a feed back mecha- 
nism, in which the nervous system periodically “at- 
tempts” to wake up, increasingly often toward 
morning, yet before it is time for the sleep mecha- 
nisms to relinquish their dominance. Although no 
one has ever succeeded in finding that the body 
generates a hypnotoxin during wakefulness that 
triggers sleep and is used up in sleep, many people 
feel that sleep may be generated biochemically and 
that its alternating phases may represent a neuro- 
chemical feedback system. 

Another comprehensive attempt to explain the 
REM state and some of its properties has been 
offered by Hemamlez-Peon, who with associates 
has mapped an extensive hypnogenic system, run- 
ning from the forebrain and thalamus, into the 
limbic system, with a center in the cerebellum. At 
several points it may overlap with the arousal sys- 
tem. Hemandez-Peon postulates that the dream 
state is a peculiar organizat ion of events within the 
sleep system, not independent of it. Future ex* 
periments may reveal whether these two points of 
view are in total disagreement. 

By direct eWtrieal and chemical brain stimula- 
tion it has been possible to induce sleep along a 
hypnogenic pathway, sleep differing in depth, im- 
mediacy, duration according to the point stimu- 
lated — slow*wave sleep and paradoxical sleep. 
The hypnogenic pathway is set into action by 
cholinergic chemicals, hut the investigators have 
discovered that cells adjacent to it could be acti- 
vated by noradrenalin and adrenergic compounds 







to produce arousal. Thus, they will explore the 
possibility that parts of the vigilance or arousal 
system may be coextensive with the sleep-inducmg 
system, in parallel, so to speak. If hypnogenic 
cells’ activity dominates, there may be sleep ; if the 
other system dominates, wakefulness ensues. The 
relative excitation strength of these two systems 
may dictate our state of consciousness. 

Excepting in abnormal people or animals se- 
verely REM deprived, the REM state follows deep 
sleep. It occurs in sleep at a time when portions 
of the hypnogenic system hold the balance and in- 
hibit the arousal system. Balance as conceived 
within the brain is not absolute any more than the 
balance of conUiuling armies or of contending 
athletic teams who may shift in their gains and 
losses without any change in the overall score. 
Within the domain of hypnogenic dominance, re- 
gions associated with the vigilanee system, among 
them centers in the pons, may periodically become 
activated as a part of an organization in which 
dreaming occurs and cells associated > ith aware- 
ness also become stimulated. Exactly w hat causes 
internal consciousness, without waking, nobody 
can say without further experimentation. 

Neural links have been demonstrated, however, 
connecting peripheral muscle systems, the auto- 
nomic and endocrine systems, with regions of the 
hypothalamus and hippocampal and amygdala 
structures forward in the brain, regions that inter- 
act with the cortex. These numerous researches, 
mapping the way impulses travel through portions 
of ihe brain, have begun to suggest relationships 
between the peculiar state in which our closed 
circuit television experience of dreaming may be 
related to the physiological signs of muscle spa sms, 
eye movements, heart and respiration changes 
(Feldman; Pefsche; Yokofa; Parmeggiani). 

The chief EEG signal of the REM phase of 
sleep in man is a very fast, desynchronized 
rhythm, containing as one portion a theta activ- 
ity, accompanied by rapid activity from tho cor- 
tex, a pattern seen most cloudy in cuts and other 
animals in which there has been acccv^s to the 
hippocampus. This slow theta activity emanates 
from the hippocampus, a region of the brain that 
has been found to bo intimately related to memory 
and emotion'll function. The universal example 
of its presumed role has been the epileptic, in whom 
damage in this hippocampal area anises Severn 
memory impairment. Tho presence of hippo- 
campal theta in animals during adaptation to a 
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new environment, during periods that might be 
interpreted as anxious and fearful, suggests that 
these may be intervals in which the animal is in- 
capable of taking in too much outside information. 
Hippocampal theta during waking shows contin- 
uous changes. During sleep, however, it has the 
appearance of a rhythm that is cycling, emanating 
occasionally to other portions of the brain, and 
maintaining a regular fast brain, wave. This “cir- 
cus movement 13 has been postulated by several ex- 
perimenters (Brown, and Shryne, 1964). It may 
be a fundamental property of the dreaming state, 
in which internal information, memory, and feel- 
ing seem to dominate the inward attention. Rela- 
tionships have been observed between hippocampal 
theta activity, endocrine function (Sawyer et al., 
1959), and autonomic and motor activity (Yokota 
and Fugimori, 1963, 1961). Others have shown 
that the influence exerted by the hippocampus dur- 
ing theta activity may be that of a feedback system, 
which opposes the influence of the reticular acti- 
vating system in the sense of controlling the crea- 
ture’s reactivity to the outside world (Lena and 
Parmeggiani, 1964; Green and Arduini, 1954; 
Lissak et al., 1962). The relationship between the 
hippocampus and other brain regions cr xial to the 
bekavio: s seen in dreaming has been shown by a 
number of studies (Parmeggiani, 1962; Buresova 
et al., 1962; Feldman, 1962; Manzoni and Parmeg- 
giani, 1964; Jouvet, 1962; Brooks and Bizzi, 1963; 
Bizzi, 1965; Iwata and Snider, 1959). In essence 
the multitude of studies has shown that hippo- 
campal theta rhythm is related to regions regu- 
lating emotion, autonomic, and somato-motor be- 
haviors, and that these hippocampal rhythms may 
indeed bo spreading from motivational areas in the 
hypothalamus and may bo related to neural 
rhythms there (Petscheet al., 1962; von Euler and 
Green, I960; Corazza and Parmeggiani, 1961). 

Although the many interrelationships that have 
now been documented cannot yet be pieced to- 
gether, the many elements of this puzzle are being 
collected throughout the wcrld, so that we may 
soon begin to see the physical and neural com- 
ponents of the curious dream state. The function 
of the hippocampus in dreaming and in adaptation 
may indeed suggest a relationship between the 
dreaming individual, and the individual suffering 
from severe anxiety. 
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Animul Dreaming 

Anknal experimentation, on whicS we base so 
much of our understanding of man’s brain, has 
always inspired a certain uneasiness. Animals 
show JsEM sleep, that we know, but do they dream 
as we do? Many people have thought s*\ Pet 
lovers watch a sleeping dog wag its tail, move its 
paws, wrinkle its nose, twitch its whiskers, or 
whi infer, and imagine some internal world of ac- 
tion, pirsuit, fear, pleasure. Is this creature ex- 
perien ing some visual reenactment of its life? 
Until jecently nobody had e\er taught an animal 
to report “seeing things’ 3 in sleep, but ibis has now 
been d >no by Dr. Charles J. Vaughan of the Uni- 
versity of Pittsburgh with rhesus monkeys and 
the procedure will be replicated. 

Whije working on “sensory deprivation” phe- 
nomen j as a gradv^e student with Drs. H. Braun 
and R| Patten, "Vaughan helped to develop an 
elaborate training procedure. Its purpose was to 
ascertain whether “sensory deprivation 33 did actu- 
ally produce neurophysiological changes and thus 
cause hallucinations in animals who, unlike hu- 
man v< -lunteers. would not bo influenced by verbal 
sugges ion. Rhesus monkeys were placed in a 
booth n which food and water were obtainable, 
but in which the environment was severely con- 
trolled; the background sound was a constant 
white ] oise like a waterfall, and the animals faced 
a grou id glass screen. The monkeys were seated 
in a re .training chair with hands and feet resting 
on a bi r holding shock electrodes. The monkeys 
were p ;ogressively adjusted to the situation and 
trainee to press the bar rapidly every time an im- 
age ap reared on the screen; otherwise, they were 
shocke*. on the foot. When they reliably re- 
sponde i to any kind of image on the screen by 
pressin $ the bar 3,000 times an hour, they were 
ready or a 74-96 hour period of sensory mo- 
notony. 

In o:|der to give them a constant and nonpat- 
terned visual field, they were fitted with corneal 
contact lenses made of plastic, and then the door 
of the booth was closed, and the observer could 
watch ihrongh the window as (lie monkey sat in 
isolation Like the many human volunteers in 
such experiments, the monkeys fell asleep soon 
after Iho isolation began. During sleep they 
showed three characteristic kinds of eye move- 
ments, i slow-rolling movement and rapid conju- 
gate m ivement, sometimes resembling those of a 
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person rapidly scanning the narrow column oi a 
newspaper. 

During these rapid-eye-movement periods, the 
monkeys suddenly began pressing the bar at a 
frenetic pace, rapidly and regularly as in waking. 
Sometimes they also made facial grimaces, flared 
nostrib, breathed deeply, even barked as they 
pressed the bar. Presumably the} 7 were “seeing 
things” during these intervals oi rapid eye move- 
ments and were avoiding the shock associated with 
images. After the isolation period was over, the 
monkeys were tested in the training situation to 
be sure that they still responded reliably to the 
projected images. The investigators had seen 
only one instance of bar-pressing during waking, 
so they had little data about hallucinations, but 
tho evidence that monkeys experience visual im- 
ages in sleep was very strong. 

Further studies using EEG and polygraph 
recordings will be undertaken by others tc cor- 
roborate this. Perhaps a next step — training 
monkeys to respond to particular images or to 
smells, for instance — may allow us to find out 
what a monkey dreams about. Although the ques- 
tion of animal dreaming has interested pet lovers, 
animal trainers, and idle spectators, it has real 
importance for psychology. We have learned 
very little about tho interior fabric of conscious- 
ness in animals even though they arc the promi- 
nent instruments of our explorations into our own 
behavior. Each demonstrated similarity between 
experimental animals and man will strengthen the 
applicability of research to humankind. 

The importance of animal research in unravel- 
ling the secrets of tho REM dream cycle cannot bo 
overemphasised. To date, although there have 
been quite a few human studies, most of our neuro- 
physiological evidence has come from examining 
tho brain reactions of cats and a few other ani- 
mals, including monkeys. The data from these 
studio.? have arrived rapidly in the course of a 
single decade, inspiring new hypotheses about the 
natur", organization, and purpose of the It KM 
slate. There animal studies have helped to deline- 
ate a phase, in (he existence of all men, all animals, 
that now looks even more exceptional, provoca- 
tive, and anomalous than it may have 10 years ago, 
when attention cohered arourd the vivid dream- 
ing that recurred periodically throughout the 
night. Is this a unique state, something we should 
desgnate as a third state of consciousness, unlike 
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sleep or waking ? Does the REM state serve some 
vital life function? 

Surely, in all mammals sleep is distinguished 
by two alternating phases. The curious, recurring 
REM state is an interval of activation in parts of 
the central nervous system, a period that includes 
dreaming, changes in autonomic functions, brain 
temperature, blood chemicals, muscle tension. 
Theso many REM phenomena seem to be the con- 
sequence of an integrated neural mechanism, but 
why such a conglomeration of events during 
sleep? Is this the testimony of same mysterious 
function w ithout which we would die ? 

By degrees, REM deprivation studies of man 
and animals have aimed to find out how vital 
REM sleep may be. If removed from a creature’s 
repertoire would the loss be followed by progres- 
sive deterioration and death 7 Initial human stud- 
ies suggested that psychological changes fol- 
lowed fast in the wake of REM deprivation. 
Later and longer studies sometimes failed to show 
up psychological deterioration. Experimenters 
have always been very cautious about pressing hu- 
man volunteers, and whenever ominous signs of 
behavioral change appeared the study has been 
terminated. Although some cats have died after 
20 da} s’ deprivation, other cats have been pressed 
to very long pciiods of deprivation, as long as 70 
consecutive days without causing death and often 
the behavioral consequences were less severe than 
expected. 

A limit to REM Compensation 

In tacent experiments by Jouvet rind Dement, 
it has looked as if tho tvrvous system may have a 
safety device after a certain limit of REM depri- 
vation has been reached. One of the uniform ef- 
fects in all drearn deprivation studies is the after- 
ninth, nr recovery, in which the individual appears 
to be making up the lost REM time by spending a 
far larger proportion of bis sleep in that phase, 
finally, in the- course of many nights, compensat- 
ing for the cnl ire loss. This pattern of compensa- 
tion suggested (hat REM sleep might be triggered 
by sv me natural chemical that was produced at a 
steady rate and used up during the REM period. 
It was assumed that t lie deprived subject mu-t be 
payin' off a biochemical debt. More recently, 
however, deprivation experiments with cals have 
suggested that (hew* is a limit beyond which the 
compensatory REM sleep no longer increases. 

Jouvet has deprived cats of paradoxical sleep 
by placing them on a stone surrounded bv waier so 
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that the loss of muscle tone accompanying fie on- 
set of REM sleep would cause them to fall into the 
water and wake up. When removed fron this 
perch and placed in a recording cage the animal 
would quickly fall sleep, and during the lirst 6 
hours it was possible to see how much more REM 
sleep occur red than usual. After 24 hours there 
was a 45 percent increase. After 72 hours there 
would be a 60 percent increase, and even after 22 
days thero was never more than a 60 percent in- 
crease in those first 6 hours of uninhibited sleep. 
As previous studies with animals and man have in- 
dicated, not all of the recuperation occurs during 
a single stretch of unrestrained sleep. Af er 10 
days of deprivation a cat may take 5 days tc com- 
pensate, and after 20 deprivation days, he may 
take about 10 days, 

Dement, pressing a group of 20 cats to long 
stretches of deprivation found that they, too, 
showed the same effect. Until 30 days they ex- 
hibited continuous increase of REM sleep in re- 
covery. However, at about 30 days they semicd 
to have reached a plateau. Even after 70 con- 
secutive days of REM loss they showed no i icre- 
ments in their compensation, and appeared t< pay 
back about the same amount they did after 30, lays. 
It appears that, the loss of paradoxical slot p is 
never totally reimbursed. If this signifies th 5 ac- 
cumulation of a chemical in the brain, a chemical 
that normally triggers REM sleep in the i>on> one 
might expect that the accumulation would lend to 
brain stem damage. Surely, after prolonged dep- 
rivation, as shown in Jouvet’s laboratory, the 
cats have exhibited what might be called an ex- 
traordinarily strong need for the paradoxical shop. 
Even under heavy narcosis, they will show pim- 
doxieal sleep. After these long deprivations, they 
have also shown episodes of behavior disorder, 
sleep trouble, and several have died. 

Experiments in the Biochemistry of REM Sleep 

What is happening within a person or an nial 
in whom this recurrent cycle has been prevei ted? 
Dement and Jouvet liavo hypothesized that the 
REM state is triggered by a biochemical mecha- 
nism, possibly a chemical that is used up during 
the activation of the brain during the REM state. 
When a cat no longer discharged this chemical, 
perhaps it accumulated until it reached such con- 
centrations that it could pass through the bruin* 
blood barrier. It might literally leak out of the 
central nervous system. This might explain why 
the deprived eats seemed to reach a limit beyond 
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which they no longer reimbursed the REM sleep 
they had lost. If such a leak occur red, one might 
expect to detect the triggering chemical within the 
spinal fluid. 

One method of ascertaining a change in spinal 
fund would bo to take the cerebrospinal fluid of 
a severely deprived animal, inject it into the spinal 
fluid of a normally rested animal, expecting that 
the recipient would show a sudden increase in 
REM sleep. This is the gist of a procedure that 
has been performed at Stanford University under 
the direction of Drs. Dement and Peter Henry 
following the pattern of transfer studies in 
pharmacology. 

Fine catheters were implanted into the third 
ventricle and cysterra magna in donor and re- 
ceiver cats. This enabled the experimenters to 
draw spinal fluid from one, and inject directly into 
the other. The receiver cat was scheduled so that 
his sleep Mid amount of REM time became rela- 
tively constant, and measurable. The donor cat 
was dream-deprived until he began to show be- 
havioral changes, either by constant awakenings 
or by being placed on a stone in n water bath. 
Then spinal fluid was transferred from the de- 
prived cat’s brain into the brain of the receiver 
cat. There are many difficulties in nn experiment 
of this sort, and some of the cats reacted to the 
injections with fever. Nevertheless, after trying 
many pairs of cats the result looks positive. Re- 
ceiver eats have been showing a distinct increase in 
their REM time after injections of spinal fluid 
from the deprived animal (Henry et ah, 1065). 
The very fact that increased paradoxical sleep has 
has been obtained by transferring spinal fluid from 
deprived cats into rested ones, raises some interest- 
ing quest ions about the nature of t lie chemical and 
the nature of the brain. 

A hint about the nature of a possible chemical 
has emerged from recent studies in Jouvet’s lab- 
oratory. There, injections of a depressant, reser- 
pinc, totally suppressed paradoxical sleep, but the 
sleep phase would be rest o ml by an injection of 
l)opa. Dopa is related to a familiar group of 
brain amines and is a precursor to lioradrenalin 
(Matsumoto and Jouvet, M., 1901). Further ex- 
periments in this laboratory indicate that within a 
nucleus in the pons that appears (ole responsible 
for one aspect of REM sleep phenomena, there are 
capillaries suggesting biochemical responsiveness, 
and that tho region does resjiond to norndrcnalin. 
horudr nalin is sometimes referred to ns a neutral 
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stimulant and is released at many sites in the body 
and brain when an abrupt increase in survival ac- 
tivity is required, as when an individual is sudden* 
ly frightened and must get ready to run. Other in- 
vestigators have postulated that noradrenalin and 
related neurochemicals may be the excitors in a 
balanced chemical code system, playing the role of 
activating brain regions that engender vigilance 
and arousal. J 1 chemicals of the adrenalin family 
trigger 11 EM sleep and accumulate during depri- 
vation, one might anticipate signs of brain excita- 
tion in a deprived creature. 

REM Deprivation and Brain lExcitation 

Recently Dements laboratory has amassed in- 
direct evidence about the brain state of the REM 
deprived animal, evidence th&t suggests a st.ite of 
excitement in certain neural centers. A group of 
cats, whose sleep was scheduled by placing them 
on a treadmill for 16 hours a day, were permitted 
to sleep for 8 hours, and were awakened at the onset 
of each REM period, getting only about 0-20 min* 
ntes of REM sleep a day. Il d: dn't matter whether 
they endured this routine for more than 30 days; 
even at TO days, when permitted free and uninter- 
rupted sleep, they never reimbursed more of their 
lost REM time than lliey did after SO days. How- 
ever, as severity of deprivation increased, itbeeamo 
almost palpable in their REM sleep, for these 
intervals grew exceedingly intense. The animals 
were seized with twitches that now appeared al- 
most like great spasms. The REM temperature 
change in the brain of one deprived cat was three 
times larger than his usual temperature rise, dur- 
ing normal baseline REM periods. 

In another study, after only 4^5 day 3 of REM 
deprivation rats showed a greater susceptibility to 
electroconvulsive shock. More curious, perhaps, 
was their reaction after the sh.xdc seizure. They 
no longer showed the usual recovery cycle when 
left to sleep unrestrained. They appeared not to 
need compensatory REM sleep to the extent of 
the deprived but unshocked rats. Did electroshock 
affect the animals’ brain processes so as to pcrfoim 
the same discharge as REM sleep? Is REM sleep, 
in effect, using up the elements of unusual brain 
excitation? 

Electroshock therapy has always presented 
something of a mystery, and there is no good ex- 
planation of why it works for certain psychoses. 
Perhaps its calming function is inalogous to that 
of REM sleep, and related to the same mechanism 



of reducing brain excitation. Dement, Gulevitch 
and their associates have begun to explore the ef- 
fects of electroshock in patients and laboratory 
animals. Initial findings indicate that people show 
less REM sleep after shock treatment, suggesting 
again that electroconvulsive therapy performs 
some of the same functions as does the REM 
period. 

Is REM sleep, then, an end result of a metabolic- 
neural cycle, ore which is normally discharged 
during waking behavior, but which builds up pe- 
riodically during the quiescence of sleep until it 
reaches a discharge threshold ? Are the psychotics 
who benefit from shock therapy victims of an ab- 
normal metabolism, in whom production is over- 
abundant, or discharge inefficient so that metab- 
olism outstrips the ability to maintain a balance 
within the central nervous system? If so, the 
narcoleptic syndrome, with its sudden plummeting 
out of wakefulness into a REM seizure, looks as 
if it might be one of nature’s makeshifts, a mecha- 
nism by which the brain discharges overexcitation 
before psychosis can begin. 

The term “excitation” is extremely general, but 
it is probably an efficient desig it ion for the state 
that is observed during REM sleep, and enhanced 
by deprivation. Insofar as it can bo defined, it 
has been defined by deprivation studies. During 
deprivation, for example, Jouvet has found that 
cats show a marked increase in heart rate that 
settles back to normal after recovery sleep. The 
electroconvulsive seizure threshold drops in de- 
prived rats. The intensity of REM intervals in- 
creases. This may bo related to increased number 
of eye movements seen in psychotic patients at cer- 
tain periods by Feinborg and his associates. The 
dream deprivation literature probably contains 
many references to the intensity of REM recovery 
sleep, although most observers did not emphasize 
theso signs because they were concentrating on the 
amount of REM recovery and other aspects of the 
procedure. 

The intensity of a REM interval has intrigued 
investigators, wlio have suspected that there may 
ho a relationship between the intensity of physio- 
logical events, and the intensity of the dream ex- 
perience. There have been suggestions that vio- 
lent, active dreams, heightened psychic activity 
occur at times when the density of eye movements 
is great, when there are sizable* changes in respi ra- 
tion, etc. (KeelilschatTenet al., 1003; Snyder, 10G3). 



A number of people have attempted to knit to- 
gether data from brain research in order to explain 
how memories, thoughts, images and emotions, 
are built out of patterns of neural excitation into 
dream experience (Fair, 1963; Brown and Shryne, 
1961; Ileinandez-Peon, 1963-65), Although the 
attention of some investigators has turned toward 
the possible biochemical and neural mechanism of 
the REM state, disparate evidence again seems to 
point to the same expectation — if an individual is 
deprived of the releasing mechanism of the REM 
state he may eventually incur a penalty, perhaps 
creating transient symptoms like those of psy- 
chosis, and ultimately causing severe damage. 

It is, of course, impossible to excerpt REM sleep 
from the life of an individual as if it were as dis- 
crete as a wart or appendix. Manipulations within 
the laboratory undoubtedly create some collateral 
stresses. Nonetheless, control subjects matched 
with deprived subjects, whether animal or human, 
have not reacted the same way to awakenings in 
other sleep. 

The quality of the response to deprivation has 
been respecified by Dement, in recent studies of 
severely deprived cats. They have appeared to act 
as if their basic drives were intensified. Six out 
of twelve male eats exhibited abnormal and indis- 
criminate hypersexuality. When also deprived of 
food for several days, the R EMI css eats acted 
more eager and voracious than their controls. 
They seemed to be too ravenous for food to run 
a maze with a food reward. Although, in some 
sense, these eats seemed to show an exaggerated 
survival instinct, the various behaviors seen among 
REM deprived eats, if shown by a human being, 
would certainly place him in the security warn of 
a mental hospital (Dement, 1905). 

The Biological Purpose of Ihe REM Slate 

The drive enhancement observed in REM de- 
prived animnb, the penile erections accompanying 
REM periods in humans, t ho sucking and mouth- 
ing of infants in REM sleep and other data, have 
suggested to several investigators that the REM 
state may serve its most important purpose for 
species survival, by activating the drive mech- 
anisms of the embryo and developing young. 
Perhaps, as Rof!w..rg, Mnzio, and Dement have 
suggested, the REM cycle in adults is nn atavistic- 
remnant, a brain activity wli >se main vole was to 
gear tho individual for survival by inciting the 




development of drive oriented behavior (Roff- 
warg et al., in press) . The REM cycle doe! , never- 
theless, persist throughout life. Even if we dis- 
cover that it does not have a role in : lie biological 
survival of adults, it may promote survival in the 
human being in a psychological-behavioral fashion 
that woidd not be as necessary In subhuman 
species. 

Human adaptation for survival requires all 
manner of behavioral niceties, and control over 
drive behavior is one of the paramount require- 
ments, As basic drives are intensified, whether 
duo to a general excitation from REM loss, meta- 
bolic abnormality, or unusual environmental con- 
straints, an individual’s defenses may begin to 
break down, possibly starting the concatenation 
of events that occur in the buildup to a psychotic 
episode. Even if REM loss were to do no more 
than raise a level of excitation so that a human 
being found himself losing his usual, carefully 
schooled grip on the expression of instincts and 
impulses, growing somewhat less repressed, his 
behavior would be maladaptive according to our 
social norms. 

Summary 

Questions about the possible relationship be- 
tween the REM state and mental illness are taking 
on a new complexity as data accumulate. Explora- 
tions at many levels are beginning to delineate 
why each of us must spend regular nightly inter- 
vals in tho dream state of REM; what is happen- 
ing within our bodies and brains during this so- 
journ; what happens if we are deprived of this 
weird interval. These explorations are likely lo 
prove invaluable in the understanding and treat- 
ment of mental illnesses, many of which are herald- 
ed and accompanied by a vicious cycle of sleep 
disorders. As new data arrive, the questions seem 
to multiply. Yet, in a sense the questions are not 
new. They have been rephrased. They speak to 
biochemical codes, metabolic cycles, neural path- 
ways. Today speculations about the function of 
REM sleep, and its relationship to mental ill- 
ness, may contain little of the traditional language 
of psychoanalysis, and references to surface simi- 
larities between dreams and hallucinations seem 
to have been upstaged by compelling physiological 
investigations. Nevertheless theories about the 
psychological content of dreams, their relevance 
to our behavior, and tho role they play in our nn- 
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conscious all stand to be elucidated by these phys- 
iological studies. Although information about 
biochemical or neural mechanisms are not ad- 
dressed directly to the subjective adventures of 
dreaming, they describe the physical foundations 



of a psychological process. Unlikely as it would 
have seemed 10 years ago, these div ^rse researches 
are suggesting why we may discover certain per- 
vasive themes expressing basic drives in the dreams 
cr all men, and perhaps someday, in all animals. 
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Sweet babe in thy face 
Soft desires / can truce 
Secret joys and secret smiles . . . 

William Blake 



Chapter VIII. The Development of Infant Sleep 



Almost all autobiographies begin as close to the 
beginning as the author can remember, with a 
drama performed in early childhood in which he 
participated, the story of his molding, the expla- 
nation of his metamorphosis. As wo try to ex- 
plain, more systematically, the forces that shape 
behavior, to understand the process of develop- 
ment, we find ourselves looking for the earliest 
cues in infancy. But the young infant says little 
about himself in behavior, and furthermore, ho is 
almost always asleep — one reason why studies of 
infant development are now including examina- 
tions of sleep patterns. The KEG patterns of 
sleep reject activity of different neural structures 
in the brain and these may tell a good deal about 
the maturation process of the brain. 

The infant’s sleep differs from an adult’s in sev- 
eral important ways. During his first weeks of 
life a human infant Is asleep two-thirds * f the time. 
Unlike T is parents, and often to their chagrin, he 
does not sleep for one iong siege at night, but 
rather for short intervals, interspersed with brief 
periods of waking, a polyphasic pattern that is 
characteristic of all newborn mammals. This 
cycle slowly changes, and he remains awake for 
longer periods and begins to sleep as his parents 
do, usually to their great relief. From the begin- 
ning the infant has had them at a gr. it disadvan- 
tage, for he would awaken them easily enough with 
a yowl for food or attention, hut infants are not so 
easy to arouse from sleep. At first, and to a lesser 
degree ns they mature, infants are very often in a 
REM stage of sleep. 

A ni Tiber of anatomical studies on animals and 
behavioral studies of human infants have been di- 
rected toward answering an important question: 
Can w? relate the maturation of sleep patterns to 
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the maturation of the nervous system and to learn- 
ing? What neural apparatus is necessary before 
an infant can begin to stay awake for long periods 
and sleep for long periods? What does the decline 
of REM sleep tell about the maturation of the in- 
fant’s brain? Can the brain wave patterns of in- 
fant sleep serve as the earliest indicators of normal 
or abnormal development? 

Since ;ho 1930’s babies had been known to sleep 
for roughly 50 minutes at a time. Within this in- 
terval there are minutes of slow, even breathing and 
quiescence, alternating with periods of fast uneven 
breathing and restless motions. Dr. Eugene Aser- 
insky watched from the cradle side for a relation- 
ship between slow rolling eye movements and body 
motion, and in 1952, when he transposed his study 
to adults, discovered the rapid eye movements thai 
signify dreaming. On repeated inspection, in- 
fants also showed rapid jerky eye movements in 
sleep, and although wt cannot imagine that the 
newborn infant experiences visual dreams, he ap- 
pears to spend much of his sleep in the REM state 
( Drey fns-Bri sac et al.). 

Judging from what we know now about the 
REM state, ns it may emanate from ‘'mty 
within the brain stem, exciting nearl *■ ns 
associated with drives and emotions in i . 1 . .c 
system, it might be called a primitive at ,y of 
a primitive brain. The sleep of high amplitude, 
synchronous waves seems to depend upon the cor- 
tex and higher regions of the brain, as we have 
learned from dceoticnte accident victims and 
transected cats who no longer show slow-wavo 
sleep. 

The Decline of REM Sleep With Age 

The regions nssociat?d with REM sleep seem to 
develop long before the coile:: in its many folds 
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and convolutions. In the embryo, the nervous 
system begins from nothing more than a tube of 
neural tissue. At the tail, the tube begins to form 
the spiral cord. At the head, the tube bulges into 
a forebrain, a midbrain and a hindbrain, and 
slowly these rudimentary bulges enlarge and fold. 
Slowly the cerebral Hemispheres form, and last 
of all, during childhood, the outer layers of the 
cerebral cortex acquire their final convolutions. 
The hindbrain and midbrain develop long before 
the cortex and before the elaborate fiber network 
of communications is established between the cor- 
tex and the rest of the brain. Can we infer some- 
thing about the rate of cortical development, in an 
infant by watching his sleep, particularly the de- 
cline of the primitive REM state? 

Only recently a number of investigators have 
indicated that the REM state does decline in in- 
fants as they mature (Parmelee et ah, 1961-05; 
Roffwarg et al., 1963). By observing the sleep 
of young infants at progressive stages of devel- 
opment, they have all noted that the proportion 
of REM sleep declines during the first months of 
life, a clue that may help the pediatrician to chart 
the maturation of a baby’s central nervous system 
and diagnose such abnormalities <is retardation or 
schizophrenia at a very early stage of life, 

It is interesting to note that monkeys follow a 
similar course, A recent polvgrapn study of new- 
born and infant rhesus monkeys indicated that 
for the first 7 days of life, the infant sleeps more, 
and a large proportion is REM sleep. After this 
critical seventh day the proportion of REM de- 
clined although total sleep time remained rela- 
tively constant throughout the first year (Meier 
and Berger, 1965). 

From sleep studies of people of different ages 
including a premature infant bom 10 weeks early 
and an old woman of 100 years, we can see ap- 
pioximately bow much of one’s sleep is spent in 
the dream state as one moves through life’s time- 
table. In an infant, 10 weeks premature, 80 per- 
cent of sleep was REM sleep, but this ratio 
dropped as ihe infant approached full term, and 
in infants arriving only 2-4 weeks early the per- 
centage of REM had dropped to 58 percent, and 
was 50 percent in the full term neonate. By 5 
weeks REM sleep occupied only 40 percent ; by r. 
year only 35 percent ; by 2-3 years, it bad dropped 
to 30 percent, and by 5 years, 20 percent. 
Throughout later childhood and early adolescence, 
according to the limited observations available, 
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the REM state dropped slightly, and in early 
adulthood rose slightly, ranging between 20-24 
percent, again beginning to decline alder about 
age 45 to about 13 percent in some of the aged 
persons studied. This is a very approximate 
schedule of the proportion of REM sleep occur- 
ring at any given age, but it suggests a develop- 
mental pattern of neural activity that begins in 
the cradle and follows a regular carve throughout 
life (Fisher, 1965). 

A normative study of infant sleep may tell 
whether the decline of REM sleep is so precisely 
correlated with age that it might be used as a meas- 
urement in infant diagnostics. Such a study, be- 
gun in the UCLA laboratory of Dr. A. H. 
Parmelee, will encompass sys f ematic observation 
of 190 infants from birth into childhood. New' 
techniques for recording heart rate, EEGrs, muscle 
tone, temperature, and respiration now permit such 
measurements even on very young infants and the 
premature. Recordings are being taken within 
the hospital nursery as soon as it is safe and com- 
fortable for the baby, who is also watched by two 
observers. Once they leave the nursery tha in- 
fants will periodically sleep in a special recording 
bedroam where they can be a rcoir.panied by their 
mothers. Then, as soon as they are old enough, 
they will receive graded batteries of behavioral 
tests at regular intervals. 

An initial study of 46 infants has indicated the 
progress of the shift from polyphasic sleep to a 
diurnal pattern. This shift toward nightly sleep 
occurs in infants by about 16 weeks, even though 
they spend no more than about 3 hours awake in 
any 24 hour period (Parmelee et ah, 1964). 

Initial studies of premature infants, who must 
complete their embryonic development outside the 
womb, are beginning \o show ns something about 
the brain activity of the maturing unborn Very 
premature infants (born 10 weeks early) do not 
show an KEG pattern like that of the full term 
baby. They serin to alternate between one state 
of drowsiness and another, and to exist in (he REM 
state predominately. By faking KEG tracings 
during a 12-hour period of sleep, one such infant 
was oli served to spend SO percent of his time i * the 
REM state. Less premature infants (6 o ' 7 weeks 
early) spent only 67 percent of their time in REM 
and the full term infants about 50 percent. By 
8 months of age, this percentage dropped to 21 
percent. 
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This steady and rapid decline in REM time was 
noted by Dement, Roffwarg, and Fisher, b. studies 
conducted by watching the eye movements of in- 
fants in the nurseries of Chicago Lying In and 
Columbia Presbyterian Hospitals. Infants of 
many mammal species also have been observed to 
spend less sleeping time in the REM state as they 
matured. What might this decline of primitive 
activity mean in the anatomy of the developing in- 
fant brain ? Could it mean that the growing ten- 
tacles of the cortex are beginning to gain greater 
contact and control, and that the n stem is 
diminishing in its dominance? 

Cortical Development In Kittens 

Some suggestive answers have been coining 
from the anatomical and behavioral studies of Drs. 
Arnold and Madge Scheibel at UCLA. They 
have been engaged in a long program of Judies 
of kitten development, seeking the concomitants 
of gross behavioral maturation within the growing 
neural fibers of the brain. The newborn kitten 
has a messy EEG and ii is hard to tell whether 
the creature sleeps or wakes. As it grows the 
EEG begins to show differentiation, correspond- 
ing with tho growth of nerve fibers. Dendrites, 
receptor fibers of the cortex, can be stained con- 
veniently, although tho transmitter fibers, axons, 
cannot. Consequently, tho dendrites or receivers 
ha vo been the first to be studied. 

Tho dendrites of tho newborn kitten are very 
simple. They resemble plants with a single smooth 
root, incapable of multiple contacts with other 
cells. Within tho first days of life these dendrites 
begin to sprout long strands in many directions, 
giving more surfr.ee for contact with other nerve 
cells. These fine rootlike spines grow mere nu- 
merous and dense with age, putting out side excur- 
sions that may indicate multiplying contacts be- 
tween tho cortex and reticular system. 

Tho Scheibels have used pairs of litter-mites in 
their studies, recording the behavior and EEG 
measures of one kitten and simultaneously study- 
ing the brain tissue, of its littermate. Within tho 
same litter they found that kittens varied con- 
siderably in their rate of maturation. Character- 
istically, tho slow kittens werolxmi with smoother 
brains, an archaic and un articulated cortex. Tho 
kittens who showed rapid development were often 
born with a more mature cortex, and their EEG 
patterns differed commcnsurately. The smooth- 
brained kittens gave slower rhythms in waking 
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and showed the spindling of sleep much later than 
the kittens with convoluted cortex, mature r brains. 
This difference appeared in behavior as well. Tho 
more mature kittens snuggled against their mother 
and sought milk in a purposive fashion. 

Roughly, as they observed kittens through tho 
first 6 months of life, tho Scheibels began to see 
EEG progressions that differentiated the “nor- 
mal” kittens from those with developmental dis- 
turbances. At what stage in a kitten’s life, or in 
a human infant’s life, does brain development per- 
mit some voluntaiy control over waking? Is this 
a stage at which infants begin to shift to the 
diurnal sleep pattern of their parents? The Schei- 
bels have performed conditioning experiments to 
determine at what age a kitten might learn to 
awaken. Kittens were trained tc wako up and 
reach for a bottle, of milk when their names were 
called. 

Tho first kitten w*as tested by calling his name 
during slow-wave sleep when lie was G8 days old. 
His EEG gave no sign of arousal. When the test 
was repeated at 1 17 days of age, tho kitten’s brain 
wave pattern quickly showed the desynchronized 
pattern of arousal, and he got up and began to suck 
at tho nipple. However, he gave no sign of 
arousal when a meaningless name, one he had 
never heard before, was called. How ever, between 
about 0 weeks of ago and about 16 weeks, the 
kitten had acquired tho capacity to control his 
awakening. 

Tho bram maturation of the kitten was clocked 
in yet another way, by direct stimulation of the 
reticular formation, the arousal area of the brain. 
Kittens, implanted in the reticular area and other 
deep brain sites, were stimulated during sleep at 
different ages. Newborn kittens did not awaken 
to rapid pulses; they only awakened after slow' 
stimulation to the reticular formation. Moreover, 
their EEG respond to brain stem stimulation ap- 
peared to fatigue quickly. After two repented 
stimulations had aroused it further stimulation 
failed to awaken iho kitten. Similar behavior is 
seen among human infants, who do not arouse 
easily from sleep. The Scheibels have conjectured 
that tho undeveloped enzyme systems of ihc new- 
born brain cannot supply the rudiment a ry ncurrt 1 
contacts rapidly e nough, and so after these nervo 
cells fire a few times, the supply of chemical trans- 
mitters may be exhausted. Lack of neurochem- 
ical supplies ina\ explain why tho infant can do 
what no adult can do— disregard repeated stiinu- 
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lation direct to the arousal centers of the reticular 
formation. 

This rapid adaptation to stimulation, internal 
and external, is a talent that the infant loses with 
maturation, just as many of the sensitivities and 
talents of the human child are, like eidetic 
imagery, lost by adulthood. These seem to de- 
cline during the very process of maturation by 
which voluntary controls are gained. Experience, 
itself, appears to be the teacher in a very literal 
sense, for repeated experience appears to alter the 
brain tissue and make it more responsive. 

Ordinarily, experience does not come by elec- 
trical stimulation of the brain, but this is a kind 
of artificial experience. Brain stimulation does 
cause observable changes in the brain tissue of the 
kitten. Niurons connect with each other by sprout- 
ing boutons at the end3 of their axons. These 
boutons then contact the receptor filers, or den- 
drites, of other neurons. After electrical stimula - 
tion in an area, these boutons swell in size, and 
enlargement that can be seen under the microscope. 
The engorging of these boutons may be an accum- 
ulation of fluid, perhaps trapped by increased 
sodium ions. Similarly, it is supposed that after 
repeated stimulation an axon will grow in size and 
in its capacity for transmitting neural messages. 
Until now, the impact of experience, or stimula- 
tion upon the size of these- contact fibers and links 
has been seen only after the fact, by placing speci- 
mens of brain tissue under the microscope. Now, 
however, an exceedingly elaborate microscope sys- 
tem with powerful lighting may make it possible 
to look into a firing cat’s or monkey’s brain and 
watch the brain cells change as the animal is stim- 
ulated by repeated touches, fight flashes, or 
sounds. If the technical obstacles are not insur- 
mountable it may be possible to see into the brain 
and wntcli it grow during experience. 

Here we may begin to see the anatomical 
changes, the neural growth that underlies the 
changing EEG patterns and behavior of the infant 
animal. By inference we may begin to under- 
stand what we are now observing from the surface, 
as we study the EEG changes of developing hu- 
man infants during sleep. Perhaps we can begin 
to track the connections sprouted in the growing 
brain between the cortical areas and file reticular 
formation ns we see maturing activity in tho re- 
duction of REM sleep, and the growingdominance 
of slow-wave sleep as well as the shift from a poly- 



phasic sleep resembling that of the cat toward 
the strong diurnal rhythm of adult mai . 

Diagnostic Possibilities 

The gathering of normative data and the proc- 
ess of inference from animal studies to human de- 
velopment are both very slow and expensive, but 
there is reason to hope that they will be exceed- 
ingly useful in diagnostics and for an understand- 
ing, of the integrity of nervous function in infancy. 
The common story of mental retardation and mal- 
function is a tragic one, in many cases because it 
is detected late in childhood development when 
remedies are less and less potent and more elabo- 
rate. What amounts to mental retardation in late 
childhood could sometimes be prevented by the 
detection of a simple yet ramifying defect, during 
babyhood, which sometimes amounts to poor visual 
control, hearing, or to an insufficient rate of devel- 
opment that ends up in leaving a person totally 
behind. If such defects can be spotted in earliest 
infancy remedies can be applied at the time when 
they will do the most good, for each successive 
stage of development hinges to some extent upon 
the last. 

Unfortunately most abnormal behaviors are dif- 
ficult to see in young infants. Many pediatricians 
have had the feeling that activity patterns in tho 
newborn can suggest the maturation progress that 
will follow*, but infant behavioral tests are in- 
adequate. Psychiatrists have reported that ex- 
tremely underactive or overactive infants seem 
possible candidates for childhood schizophrenia. 
When such babies are brought into clinics they 
often have a history of unusual sleep patterns. 
Either they seemed to sleep too much, or they 
harried their mothers by crying incessantly and 
sleeping briefly and irregularly. If the norma- 
tive studies of Dr. Parmelee, and his colleagues 
prove fruitful, we may have another y ardstick for 
normal development in the rate of REM decline. 
Infants who are very slow' in this decline may 
suffer metabolic problems, causing what we now* 
call retardation, in a form that can be ameliorated 
before there are lifelong ramifications. 

Recent, designs for extremely sensitive poly- 
graph equipment may indeed permit Parmelee 
and his group to trace the development of infant 
sleep patterns bnc* into the womb, allowing us to 
track the brain activity and physiological develop- 
ment of the unborn. REM activity may indeed 
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represent the first concerted workings of thebnvin, 
a fundamental rhythm into which all later activ- 
ity becomes knit, the first pulsing from which 
experience and growth will shape the growing 
psyche. The dream state of infants, while unlike 
the subjective and complex dream of the adult, 



may be the first expression of all the forces of sur- 
vival provided by nature within the 1 ery cells of 
the primitive brain, the first practice oi the funda- 
mental instinct and drive centers — and their first 
effector actions, seen as the sucking, smiling, kick- 
ing of REM sleep in the newly bom. 
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. . . others are Incuhi or Succubi , xoho punish men in the night . . . For 
Satan himself transforms himself into various shapes and forms; and bp 
seducing in dreams the mind , which he holds captive , leads it .. . 

The apparitions that come in dreams proceed ... of vi intrinsic local 
motion in the head and cells of the brain. And this can also happen through 
a similar local motion created bp devils. 

Malleus Maleficarum 

Dreams which have come to pass are always predictions which no one can 
doubt} no account being taken of dreams which are never fulfilled. 

Voltaire 

Maybe the wildest dreams are but the needful preludes of the truth. 

Tennyson 

These whimsical pictures , inasmuch cs they originate from us y may well 
have an analogy with our whole life and fate. 

Goethe 

The interpretation of dreams is the royal road to a knowledge of the un- 
conscious activities of the mind. 

Freud 



Chapter IX. The Meaning of Dreams 



Unleashed from reason and detached from cir- 
cumstance, t ho play ot dreams is armed with ter- 
rible freedom. In ah history and eveiy recorded 
culture the mysterious and evanescent dream has 
been taken seriously* Strategic dream interpreta- 
tions have altered the course of nations, as did 
Joseph with the fat kine and lean. Oracles 
dreamed t ho future. By pagan dream rites the 
sick were healed. Lincoln’s dream of death 
seemed a harbinger of his fate. American Indians 
enacted their dreams. During the reign of terror 
and superstition from tho 1 2th through tho 17th 
century, Western Europeans fought an interna- 
tional conspiracy" of witches, and the seriousness 
of tho dream was evident in tho Malleus, guide 
arid handbook to every judge of the Inquisition, at 
a time when dreams might mean burning. Dreams 
also inspired poetry in Coleridge, fiction in Robert 
Louis Stevenson, and lveknlo, the organic chemist, 
is said to Lave deciphered tin arivngennnt of 
atoms in tho benzene ring by a dream of a snake 
eating its tail. The skillful man, said Emerson, 
reads his dreams for self-knowledge. Although 



dream books including codes for gamblers and 
advice on all aspects of practical life are abundant 
on newstauds today, we tend to probe dreams for 
insight into tho dreamer. 

Dramatic, recurrent, universal to mankind, the 
dream is nevertheless an experience that people 
cannot share. Tho dream that is communicated is 
a memory" from a sleeping state and the extent to 
which people must distort their dreams can bo 
estimated by tho imperfect court testimonies of 
wilnesa.es who are attempting to report real events 
truthfully. There have been a number of at- 
tempts to ascertain the memory" span for dreams. 
One. an initial study in the Umvoi>ity of Chi- 
cago, by l)rs. Edward Wolpert and Harry Tros- 
inaip, showed that volunteers could remember 
dreams if awakened at the end of LEM periods, 
but not several minutes later. Like the trace of 
tho evanescent neutrino, the dream had to be cap- 
tured at once or it evaporated. 

A psychiatrist, whose patients were awakened 
in tills laboratory", compared the immediate nar- 
ratives with the patients’ daytime recollection, and 
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found that the morning versions were palpably 
different. Similar discrepancies were noted at the 
Institute for Dream Research in Miami, Fla., 
when monitored records from laboratory awaken* 
ings were compared with the written accounts by 
the samo volunteers at homo (Hall and Van de 
Castle, 1961.) The laboratory narratives were 
long and incoherent and less intense than the 
tightly organized home reports. There is no 
means of checking a dream report against a dream. 
However embroidered and shaped, however cen- 
sored and skewed, we have only human recall for 
evidence. Until recently the dreams reported were 
usually the last of the night, just before awaken- 
ing. 

With today’s electrical recording equipment it 
lias been possible to sample tlio night’s dreams. 
Customarily, volunteers will spend several nights 
in the laboratory, adjusting, while the investiga- 
tor obtains EEG recordings that roughly indicate 
the indivi dual’s timing and spacing of dreams. 
He can predict when the subject will begin dream- 
ing and approximately how long eacli dream pe- 
riod will last, awakening the subject toward the 
end of a segment. 

Is there any relation between the several dreams 
of a night? Freud suspected that sequences of 
dreams elaborated the same motive, timidly at first 
and then more distinctly. Franz Alexander pos- 
tulated that successive dreams were connected in 
pairs, and that a night’s preoccupation was clari- 
fied by the repetition of a theme. Drs. Harry 
Trosman, Allan R eel itscli alien, William Offen- 
kra ntz, and Edward Wolpert studied 2 young men 
for 32 nights. Well over a hundred dreams were 
collected and analyzed, but only on one night did 
a subject have four dreams directly related in 
theme and content. The lack <>f continuity found 
in an earlier study by Dement and Wolpert did 
not outlaw the suggestion that a sustained emo- 
tional tone and recurrent hems might pervade the 
night, and continuity was observed by Offenkrnntz 
and Rcchtschaffen (Offenknmlz and Rechtschaf- 
fen, IPG-3). 

The possibility that dreams might have predict- 
able and eharacl eristic differences at different 
times of night, was pursued by I)r. Paul P. Vcr- 
done, who found that the initial dreams seemed to 
revolve around current events, whereas dreams of 
childhood and past events occurred later, coincid- 
ing with the time of the person’s lowest tempera- 
ture. The longer a person had been asleep the 



more vivid and emotional his dream reports, the 
easier h s recall. Then, after about 7 hours of 
sleep, th 3 volunteers began once more dreaming of 
current elements in their lives. Work in progress 
at NIMH may illuminate the interesting corre- 
lation bt tween low temperature and drean of past 
events, r-,nd may determine whether the particu- 
larly viud dreams are associated with time of day, 
time in bed, or body temperature (Verdone, 1965). 

As a great many researchers have demonstrated, 
the RE? I dreams are not islands of imagination on 
a dark river of oblivion, for when people have 
been wvkened between KFW periods they have 
offered wisps, thoughts, fragments, and images. 
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these provide continuity among the REM 
of the night. Drs. Allan Reehtschaffen, 
dogel, and Gerald Shaikun have collected 
Rate recollections from subjects and found 
se non -REM elements resembling day- 
or im agist ic thought may be interwoven 
REM content, demonstrating some con- 
n the thematic fabric of the night. It is 
ng that people talk throughout their night 



of sice ), and not only during REM dream 
(Rcchts diaffen, Goodenough, and Shapiro, 1962). 
Studies of sleep talking indicate that it is a com- 
mon occurrence and that it changes in tone, grow- 
ing more expressive and emotional during REM 
periods. 



fnfh/enci'ig Dream Content 

Drear ling animals and people are incorrigibly 
wrapped up in their private worlds and are usu- 
ally harl to awaken. Freud and others have pos- 
tulated chat the dream protects a person from 
awakeni ig and that outside events may simply be 
incorpoi ited in the dream. While working at the 
Urn vers ty of Chicago, Dement and Wolpert 
tested dreaming volunteers with lights, sounds, 
water. The stimulus was identifiably incorpo- 
rated in only 20-60 percent of the dreams, but per- 
haps more of the <1 reams did interweave il:e out- 
side dis urbanccs in transmuted or symbolic form. 
(Dement and Wolpert, 10f>S). By objective as- 
sessing t, however, Berger did find outside events 
highly incorporated in dreams (Berger, 1963). 

The fact that we may not incorporate outside 
events into our dreams 100 percent of the time 
docs rot mean that wo don't interweave these 
events some of the time. After applying heat or 
cola t > sleeping subjects, investigators have ob- 
tained thermal references in only about 2o percent 
of the subsequent dreams. Because the incidence 
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has been low in some well designed studies, there 
has been a tendency to feel that external events do 
not influence dream content very much. Simi- 
larly, bodily s f ates such as hunger and thirst, have 
produced little impact on reported dreams (De- 
ment and Wolpert, 1958). However, thirsty sub- 
jects, deprived of food and liquids, and then given 
a spicy meal before sleep, have referred to thirst to 
a degree that suggests a definite somatic influence 
on the actual dream content (Bokert, 1905). 

There have been a number of attempts to ma- 
nipulate the content of dreams, Dr. Johann 
Stoyva of Langley Porter Institute, San Fran- 
cisco, assigned several volunteers dream topics by 
posthypnotic suggestion. When awakened and 
asked their dreams, only one or two dreams would 
contain these preassigned elements, which were in- 
structions to dream of climbing a tree, etc. The 
notable effect, even with a well seasoned labora- 
tory volunteer, was a reduction in the amount of 
dreaming (Stoyva, 1962). 

Manipulations of dreaming behavior have in- 
terested many researchers, for individuals differ 
greatly in their responsiveness, perhaps indicating 
far-reaching constitutional and psychological en- 
dowments that would be useful to define. In 
studies already cited, some volunteers were able to 
hear and remember tape-recorded numbers while 
dreaming, sometimes incorporating them into 
their dreams; others could be motivated to press 
switches when entering a dream period or respond 
to signals. Rechtschaffen, at the University o l 
Chicago, has paid volunteers to increase or de- 
crease their amount of dreeming with a small ef- 
fect on the amount of time spent in REM. 
(RechtschafTen and Vcrdonc, 19G1). In each in- 
stance one might expect that individuals divide 
sharply in Ihur responsiveness. I)r. Martin Orne, 
and Jiis associates at the Institute of the Pennsyl- 
vania Hospital, have beencoiiducting a program of 
studies on hypnosis, and in a recent pilot study 
find that deeply hypnoti^ble subjects can act 
upon suggestions delivered dui ing dream periods, 
whereas less hypnotizablo people will not follow 
sleep instruction. During sleep, with no prior 
hypnotic suggestion, volunteers were told that the 
word “pillow” would make the pillow seem un- 
comfortable and they should move it; the word 
“itch** would cause their noses to itch until they 
scratched. When the instructions came during 
REM dreaming, the deeply hvpnolizahle subjects 



did indeed move their pillows and scratch their 
noses. The others either gave no response or 
awakened. This difference in suggestibility, evi- 
dent in sleep and waking, is a curious phenomenon 
(Cobb et ah, 1965). People differ quite as sharply 
in thhr ability to remember dreams. 

Dream Excall 

Ten years ago it was possible for a perso i ho 
remembered dreaming every night to look th 
pity on the impoverished soul whose nights were 
devoid of imagination — the person who said, “I 
never dream.” Now it seems clear that we all 
dream about the same amount, every night. Why 
do some people not remember? There have been 
many speculations on this point. Patients in 
analysis, motivated by questioning, begin to re- 
member dreams. Personality differences have 
been discovered in which introspective people 
have seemed to recall dreaming most easily. The 
question of dream recall prodded Drs. Donald 
Goodenough, Arthur Shapiro, and their associates 
at the Xew York Downstate Medical Center into 
a long program of studies. Many factor worn at 
play. For instance, the faster a perso? c- id 
the more fully he would describe a d' >n ■ ■ 

mode of awakening mattered (Sb.ip al , 

1903). However, individuals differ* . the 
amount of noise that would awaken tin 1 ' o 
who normally remembered dream in:! me 

would awaken quickly in the laboratory 
horrendous 80 decibel blast, and icc r ■ U 
dream narrative. People who rarely r< n V 

dreaming at home, when aroused - - 

ness often thought they had been u 1 

thinking the whole time. One younr i 
ered a bizarre narrative about sitting in 
ping pennies into a vending machine \\v I 
oil — yet asserted he was thinking, II * 

trol his dream, he explained, in the run r ■■■ ; 
daydream, and he was aware of s< rub 
room, such as the air conditioner. f l : i 
explanation and a wealth of other d 
that there might he distinct physiol 
cnees; some people dreaming at a 1 
normal level of sleep and thinkim 
awake, while others di am in a deep \ 
mill stage of slrvp .md lose their di . 
long process of awakening. But th. r 
bo another kind of forgetting ns v.<>’ 
repnv>inn (Shapiro et al., 1 00 1 : < 
et ah). 
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Dream Intensity 

Some guidelines have emerged during the last 
few years for estimating the emotionality of a 
dream from physiological measures. Dr. Fred- 
erick Snyder of NIMH and others have corre- 
lated physiological changes with dream content. 
One sign that suggests an intense dream is highl v 
irregular respiration, like the breathing of a 
person in terrible anxiety or impatience. Dr. 
Charles Fisher of Mount Sinai Hospital has 
shown that penile erections accompany almost all 
dreaming periods in males, from birth on, and 
dreams that are not accompanied by erection or 
which have sudden detumescence appear to be 
dreams of terrible anxiety, of violence and body 
mutilation. Some thousands of nights have now 
been dreamed away in sleep laboratories, and 
many investigators have observed physical symp- 
toms that suggested an intense dream, only to find 
out when they awakened the person that he did 
not remember, or only gave a vague and bland 
story. 

Stimulation Before Sleep 

Investigators at the New York Downstatc Medi- 
cal center are currently watching the physio- 
logical symptoms and EEG configurations of 
volunteers who have been exposed to films before 
sleep. On one night there is a pleasant, neutral 
travelog. On other nights there is either an an- 
thropological documentary showing birth or 
initiation rites, both quite disturbing. In a pre- 
liminary study of 10 people, Drs, Herman A. 
Wit kin and Helen B. Lewis found evidence that 
the elements of the preslccp film were jdentifiahly 
incorporated into the dreams of that night. By 
interview techniques and prior clinical informa- 
tion, tli? investigators have been able to connect 
the way the person dreamed about tho material 
with significant events jn his personal life. The 
subjects were transit workers, telephone engineers, 
bakers, airplane factory workers, and nthws who 
normally sleep during the day, and v ho had not, 
been exposed to theories of psychology. Further 
studies using those films may discriminate between 
ihosy people whose inability to recall dreams is 
related to physiology, and tho- who cannot- re- 
member disturbing experiences. 

Many people have wondered whether a film s* on 
just before sleep has an influence on one’s dreams. 
Many pa rents have asked themselves f is quo lion 
as llioir small children gave rapt attention to a TV 



drama of monsters, or crime and violence, just 
before bedtime. In studies of tho impact of mass 
media on children, some social scientists have pos- 
tulated a direct influence on behavior. Dr. David 
Foulkes, when at the University of Chicago, 
sought another approach and looked for the influ- 
ence of presleep stimuli ori dreams. From its 
roots in a sociological interest, the study then took 
on quite an independent aspect. Adult volunteers 
watched two different films on two separate nights 
before retiring in the laboratory. These were net- 
work telecasts, one a typical western, the oilier a 
romantic comedy. By sifting the dreams for in- 
corporation of the previous TV material, the inves- 
tigator found direct influence in about 5 percent 
of the dreams. However, when he analyzed tho 
emotional qualities of the dreams he found that the 
dreams following the western were far more vivid, 
imaginative, and highly charged than the dreams 
following the comedy. Tho results of this study 
do not conflict with tho Downstate study, for tho 
investigators used tho kind of films a person might 
normally watch before bedtime. Wilkin and 
Lewis employed traumatic and bloody films among 
theirs ancl were paiticulnriy interested in tho meta- 
phors by which an individual might transform 
material. For instance, a drir t of taking cake 
from a bag appeared to be cadf connected to t lie 
birth film the subject had seen a few horn's earlier. 

Wo know a great deal more about dreaming to- 
day than we did in Frond’s lime. We know more 
about the amount oL dreaming in individuals of 
specified ago, physiological changes that occur at 
the same time, the effects of drugs, some of tho 
neurophysiological events. We can evoke behav- 
ior in dreaming and compare responsiveness and 
recall. We find that recall dilfers as the night 
wears on, improving toward morning. Wo may 
soon understand the biochemistry that triggers 
dreaming. All of onr observations about the need 
to dream, tho intensity of creams, and how their 
incidence varies with illness are bound to bo refined. 
But t he meaning of dreams ? 

Grand and confident theories become more diffi- 
cult to compose as the data accumulate, for today’s 
theories require predictability, demonstrations 
that the relationships between dream and dreamer 
aro imt subject to (lie varying interpretations of 
investigators. Many of the dream reports ob- 
tained in the laboratories over the last 10 yrn.s 
difier fit an the types cf dreams analyzed hv Freud 
and others, yet many investigators feel that some 
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of lliosc early intuitive analyses were, in some 
sense, true. What beast is loosed at night from 
the cage of civilization to stalk through stark and 
perplexing dramas, perhaps cloaked in innocuous 
symbolism? IIow are these figments related to 
the day past, to the core of the personality, or to 
random noises in the bedroom? Does m obses- 
sional nightmare relate to neurosis or physiologi- 
cal changes, are there dreams characteristic o f 
health, and dreams bespeaking illness? These arc 
important questions, and the modern dream hunter 
is equipped with new tools for exploring, but the 
dre r rn reports are still memories and wc do not yet 
have methods of checking the speaker's veracity 
from outside. 

Classifying Dreams 

Some years ago, before the advent of electroni- 
cally tracked dreaming, some of these questions 
were attacked very differently — with methods a 
sociologist might use to classify the attitudes of 
people toward a sensitive issue such as birth con- 
trol. Hero, hopefully, statistics might be used 
on a large sample of questionnaires to filter out 
the small lies and obfuscations of individuals and 
reveal die general attitudes of people in different 
socioeconomic or regional groups. Dy amassing 
a t ruly enormous number of dream reports and ap- 
plying statistical aunl^s, the Dream lfcscarch 
lust it n*'* of Miami, Fla., has been finding out flic 
gene nil kinds of dream content that typify cer- 
tain groups of people: normal college youngsters, 
the physically ill, mentally ill, the aged, and people 
of particular ethnic groups. 

The institute, founded and directed by Dr. Cal- 
vin Hall, is probably the largest repository of 
dream narratives in the world, its files containing 
some 30,000 dreams. Among these are 5,000 
dreams collected from oilier countries and cul- 
ture?, from Australians, Peruvians, Nigorjair, 
Mexicans, and many others. Many of these dreams 
have bom broken down into components, classified, 
and subjected to statistical procedures. If this 
method can render flic distinctive dream patterns 
of a specific culture or distinguish between the 
mentally ill and the healthy, a dream report may 
become a diagnostic aid. Among other things, it 
may help a doctor foresee an impending mental 
breckdnvn the onset of an nemo episode suicidal 
tendencies. It may pnn ido in v ith useful insight 
into cither cultures and in the differ-' 'nee- in out- 
look bet \s ecu the soxrs (Hall, 1051-G5). 




This empirical evaluation of dream content is 
based on a systematic categorization of each cle- 
ment or event. Dr. Hall and his ap&ociates have 
first classified items that occur most frequently: 
the kinds of characters that appear in dreams and 
their relationship to the dreamer, the setting, the 
objects, the dreamer’s emotion*, lucky or unfortu- 
nate events. Out of these analyses, they have 
developed manuals that might be used by a thera- 
pist, for instance, in analyzing a patient’s dreams 
and judging whether these included more than a 
normal number of fearful events. Although this 
large scale normative study is still in progress, the 
manuals offer some guides for judgment by citing 
the distribution of the categories of dream events 
for specific populations. For instance, an anal- 
ysis of 1,18*2 dreams reported by young men and 
women suggested that about 2 out of 5 dreams 
are fearful, often containing a sequence in which 
Iho dreamer is pursued. A similar assay implied 
that for every dream of good fortune, a person 
may have seven dreams of misfortune. The 
dreamer is more often the victim than beneficiary. 
Questionnaires filled out by students who con- 
tributed dreams indicated that they felt only about 
a quarter of their dreams were \ lea pant. 

An analysis of 7,000 dreams shows up one nota- 
ble difference between men and women. Men tend 
to drCi.ni about men, in general, but women dream 
equally of men and women (ITall and Domhoff, 
10C5)* 

A recent study of the dreams of GO nurses sug- 
gests that women's physiological cycles may in- 
ilncnce tlielr dreams. A tentative assay of dreams 
before and during menstruation shows that women 
may dream of waiting for something, a bus, or 
train, during the premenstrual period, whereas 
dreams of destruction seem to occur during the 
first days of the cycle. 

The institutes now sleep laboratory is unusual 
in the sense that it is located in a residential house 
and lias little of the laboratory aura. Here, while 
attempting to obtain a representative dream 
sample from 25 healthy young unmarried men, the 
investigators hope to detect and correct the kinds 
of censorship and bias that have entered the dream 
reports collected outside the laboratory. As this 
empirical work continues on a grand scale, people 
routinur to a*k what do dreams mean. Are they 
v idio.q unspoken or unadmitted by day ? Are they 
a safety valve? Does unemotional, toneless dream- 
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in g indicate schizophrenia? Docs one solve ^prob- 
lems' in dreams? 

The task of interpreting dreams has grown no 
smaller now that wo can clock them, collect more 
of them, try to manipulate them. Today’s accu- 
mulation of data has instigated a few very ten- 
tative speculations, for dreams, their images, sen- 
sations, emot ions, are physically part of us, and the 
blue rhinoceros that stalks t lie snlon of our dream 
reveals something of our nature* The images must 
come from somewhere. 

Speculations About the Neural Basis for Dreams 

Some investigators have speculated that they 
are made up of memories and arc activated in the 
hippocampus, a neural formation that curls across 
the center of the brain like two horseshoes joined 
at the middle and curving outward toward the 
temples, ending in the amygdala. This region has 
been thought to act as a clearinghouse for memory, 
a stage before memories are filed for storage. 
Lesions of the hippocampus or amygdala will 
cause a loss of short-term memory. During the 
EKG phase that corresponds to the dream period, 
animal studies have shown bursts of rhythmic ac- 
tivity from the hippocampus — theta activity that 
spreads to a part of the brain that- participates in 
awareness or attention. Perhaps this is the ephode 
we call a dream. However, a simple kaleidoscope 
of images, memories, thoughts, would not explain 
the cold sweat of terror we sutler in a nightmare or 
the pleasurable involvement we sometimes experi- 
ence. It would not explain why inconsistent 
images, the trivial intermixed with the momentous, 
appear to have some meaning we cannot explain. 
One \ cry tentative explanation has been ofTcred. 
In a word, it says that motivational centers within 
the brain are activated dining dreaming and that 
these centers may structure our dreams. This is 
a fan diar hypothesis. It was suggested by Freud 
in evolving a theory about the latent content of 
ui earns. 

Tvuay, an anatomical hypotl esis has been 
phrased by Dr. Haul Heinamhz-Peon, and while 
it is emphatically tentative, it suggests a neural 
background for tho signify mco of creams, indeed 
perhaps explaining man's centuries of profound 
interest in dream symbols. A hypuogeiiie system 
extending from f’o front of the brain toward the 
spinal mid overlap* with a portion of the hypo- 
thalami s where stimuli fb>n evokes signs of pleas- 
ure a c . nter, fi„c ml^lu say, for positive rein- 



forcement and a positive component of motivation. 
Reactions of abhorrence have also been produced 
by stimulating another area in the hypothalamus, 
a center, roughly speaking, of punishment or 
negative reinforcement. Motivation, as wo think 
of it, may be based on the sensations of pleasure 
or punishment attaching to certain acts or im- 
pulses. Pleasure or pain can be evoked by directly 
stimulating the brain, but like sleep and wakeful- 
ness, they usd induced by stimulation from the out- 
side world, by monotony, or sudden noises, that 
send their impulses lip tho spinal cord. Similarly, 
they can bo induced, 3ik« voluntary sleep or wak- 
ing, by impulses descending from the cortex, in- 
ternally generated. It is quite plausible to think 
of this motivational system as active during sleep, 
and if so, it might be the editor, the shaping power 
behind our dreams. During our wakeful hours, 
especially in youth, wo learn to suppress the be- 
haviors and even thoughts for which wo are usually 
punished. By maturity, wo hardly pay attention 
to this constant suppression of antisocial impulses. 

Jn waking life, when tho vigilance system is ac- 
tive and dominant, our neural apparatus is ener- 
getically holding down these punished impulses. 
Tho fact that a region of negative reinforcement 
lies close to tho arousal system gives some encour- 
agement to this conjecture. During sleep, how- 
ever, this very system that inhibits our pu lisked 
impulses may bG suppressed, iUelf by the activity 
of tho hypnogonic system. Aro repressed impulses 
now released in a manner resembling the release 
tVt comes with certain depressants like alcohol 
or anesthesias? if this be the case, the punished 
impulses could now emerge and place their posi- 
tive or negative weight upon the welter of images 
that have been activated ui this dreaming state of 
sleep. It is unnecessary to belabor tho point that 
the most punished impulses of the child are* those 
behaviors and eu losilies directed by basic drives. 
If these are the suppressed factors that structure 
tho otherwise incomprehensible melange of dream 
material — thc^ are indeed tho elements of latent 
dream content, phrased somewhat differently by 
Freud. 

This is u complicated speculation and built upon 
an enormous amount of anatomical and behavioral 
data. Although it may bo unfair to cite the. hy- 
pothesis so simply, it may indicate the now thresh- 
old over which dream interpretation— the question 
of meaning— nm* ho moving. Neurophysiologists 
are beginning to suggest that dreams may bo 
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shaped by d rives in an organization that brain 
research may :$oon begin to elucidate. A dream 
is a psychological phenomenon. It cannot bo 
understood by physics. The act of dreaming, 
however, is both a psychological and a physical 
process, determined by our structure and the learn- 
ing imposed upon our very ceils. 

Drive Mechanisms in REM 

Freud might be privately amused to see the 
implications of some recent research. The inten- 
sive sleep studies of Dr. Charles Fisher at Mount 
Sinai Hospital in New York, suggest thsu the 
strong sexual motivation x.nde riving dreams, as 
Freud saw them, might bo even stronger than 
Frond supposed. Preceding every REM! period, 
from infancy onward, males have penile erections. 
This does not mean they have overtly sexual 
dreams; indeed, what would such a dream be for 
nn infant? Sexual activity, however, is paid of 
oar survival equipment and .something toward 
which much leavni g must be applied, step by 
step. The REM sleep, in which erections occur, 
begins very early — in premature babies, perhaps 
in the womb. The function of REM activity, as 
Dement has suggested, may be that of a primitive 
core activity, a rhythm in the rudimentary brain 
into which all later motivation and learning inter- 
locks, a first practice in the body learning that 
occurs with development. It is during this pre- 
dominant phase of sleep that the infant first cxcr- 
eires his limbs, sucks, and smiles. This may rep- 
resent a first practice, in the ejectors of the great 
drive forces for survival. Perhaps erections are 
involved in the body-brain learning process of the 
in fan*. Their existence suggests that sexual 
drive mechanisms develop from the stait and are 
subject to influence by very early training. The 
funMion of such drive discharge in adult sleep is 
urn .\* plained and could be purely vestigial. IJut 
in adult*, they are connected with dream content. 
The interesting dream is the exception, the REM 
period that, is not accompanied by erection or in 
which there is rapid detumescence. Data so far 
suggest that these are dreams of intense anxiety, 
often including body mutilation (Fisher et ah, 
1065 ). 

The fact that there may be a strong connection 
between drives, dreams, and the covert symbolism 
of dreams (loco not give us a direct handle for the 
interpretation of specific dreams in relation to 
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their dreamers, but it opens up new avenues of 
exploration that may not have seemei relevant 
to dream interpretation 10 years* ago. By using 
tools now being developed in neurophysiological 
and physiological research, we now' begin to look 
at the process by which dreams are formed. Here 
we may begin to find some of the complex but law- 
ful processes by which living experience accrues 
in the brain and is transmuted into that most 
private experience, the dream. The anatomy of 
dreaming, as wo may learn from animals, may 
divulge some of the roots of fantasy, revealing 
the way in which emotional learning encrusts 
event and sensory experience. F rom young chil- 
dren in various stages of maturation we may hope 
to learn about the impact of environment in its 
larger ramifications. The development of new 
analytic tools for reading brain wave rhythms and 
the accumulation of data allowing us to localize 
their sources .nay give us a kind of Geiger counter 
on the dreaming mind and its response to our 
manipulations from outside. Slowly \vc may 
learn how to disentangle the components of 
dreams. The findings and speculations mentioned 
hero contribute to t lie disentangl'ng. If the 
dream memory is to provide an understanding of 
an individual personality, to be useful in therapy 
or aid in diagnosis, we should be able to differ- 
entiate phsysiologieal c % \^es, from cultural idio- 
syncrasies, and from immediate events— seeing the 
pervasive style and shaping that is given to che 
dream by an individual. Since dreams are 
formea by physical processes, and since illness, 
mental or physical, presumably comes from alter- 
ations within our cells, it. does not seem impossible 
that dreams might provide diagnosticians of the 
future with .earning signals. 

At present we have to rely upon intuitions and 
education sharpened by the mounting data. Sci- 
ence cannot encompass all life at one gulp, and 
life is the stuff dreams are built upon. Each 
of us in a private universe weaves together a 
myriad of experiences, important, and trivial — 
daily routine, learning, automatic responses of 
hunger or breathing, and moments as transient 
as nn cyeblink. Embedded in the central nervous 
system, shaped by learning, these are ihc tools of 
conscious behavior. By day it nil seems purpose* 
fill and real, the actuality con finned by others, but 
the unsharablo dream, for tin- most part leaves no 
more impression on memory than the shadow of 
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a leaf falling over a stone. Since we tend to recall 
the unusual, and for yet unexplained reasons do 
sometimes remember somo figment from an im- 
plausible mirror-image world, we have throughout 
history concentrated upon these f * gleanings and 



singled them out ror the game of interpretation. 
Today, at least, we may sample tin whole gamut, 
perhaps seeing them as the processes of all mam- 
mal minds and not interpreting them as a har- 
birger of external world events. 
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Sleep brings no strength to me, IVo power renewed to brave , . . 

Emily B route 

. . . it is a precarious commodity . . . And a few nights of i hallow or broken 
or leaden or tormented or artificial sleep . . . is corking evidence of its usual 
blessings . 

Walter do la Mare 

Many cannot sleep for xoitches and fascinations . , . But the ordinary 
cabases are heat and dryness, which must first be removed: a hot and dry brain 
never sleeps well: grief , fears , cares , expectations , anxieties . . . and all violent 
perturbations of the mind must in some sort be qualified before we can hope 
for any good repose . He that sleeps in the day time , or is in suspense , fear . . . 
or gocst to bed upon a f ull stomach may never hope for a quiet rest in the night . 

Robert Burton 



Chapter X. Good Sleep and Poor 



Every night of sleep is not the same, as wo all 
subjectively know. One night rnay pass like a 
moment, from which we awaken serene, restored 
and vigorous; and yet the next night may seem fit- 
ful. We may arise soggily, as if from a long 
wrestling match. One's mood on awakening may 
be sunny one day and morbid the next. Ereh per- 
son varies somewhat from night to night Worry 
may make sleep difficult, and sleep itself may seem 
light. Depression may make one sluggish ov 
awaken one before dawn. Fever, alcohol, drugs, 
events, and a multitude of subtle unknowns play 
into the texture of a night’s sleep and iis dreams. 
Everyone seems to have a subjective feeling for 
the difference between u good night’s sleep and a 
poor one, but for most people life, contains a 
mixture. 

Some people, on the other hand, complain that 
they are usually poor sleepers. Others know they 
sleep easily. Sleep studies have shown that people 
differ in the amount of time they spend dreaming, 
in their ability to do such things as press a switch 
during sleep, in then memory of dreams, indeed, ns 
judged by the EEG reeord, some peoplo have 
shown very unusual sleep patterns. 

EEG Differences 

Perhaps the first characterization of differences 
between people who sleep soundly and those who 



do not, emerged as a byproduct from an early lest 
of Markovian chain analysis of tho EEG sleep 
record. This is a mathematical technique for as- 
sessing tho predictability of steps in a scries. If 
a person w ere ill stage 3 sleep, for instance, could 
one predict tho probability that lie would next 
ntovo into stage 2 rather than stage 4? The raw 
material for this analysis came from eicrht volun- 
teers, who spent four nights each in the laboratory. 
On analysis the Markov chains for their records 
separated them into two homogeneous groups, eacli 
with its chain of E EG changes. One chain ch h*- 
acterized the four subjects who slept soundly 
through *ho night. It was an orderly prog less 
from stages 1, 2, 3, 4, 2, REM, 2, etc. The other 
group consisted of tho restless four subjects who 
tended to awaken during sleep and often drifted 
upward from stage 2 sleep into stage 1 or awaken- 
ing (Ilanimacket ah, 1001). Although this study 
was not undertaken in order to distinguish bet wee i 
good and poor sleepers, it certainly to! 1 of a p r- 
ceptible diffc’cnco between volunteers who came to 
the laboratory to be subjects in sleep experiment*. 

In our present tentative picture of a normal 
night's sleep there are many variation's, variations 
that appear o;i other measures than lb 1 KEG. In 
almost every human study, scientists have spoken 
about the. range within which subjee-n< show the 
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same responses. Not all subjects show exactly the 
same pattern on any measure, and some of these 
variations may help to characterize sound and rest* 
less sleep. The density of eye movements, perhaps 
reflecting a degree of brain stem excitation, varies 
in different dream periods and seems unusually 
high in some psychotic patients, unusually low in 
others. These many factors may be the first hints 
to tell what are the differences between good sleep 
and poor sleep. 

The first investigation of the overall difference 
between good and poor sleep was performed a year 
ago with two matched groups of poor and good 
sleepers. Dr. Lawrence J. Monroe, working as a 
graduate student in the sleep laboratory of the 
University of Chicago, lias shown that people who 
complain about, their sleep really differ from those 
who admit they sleep well. These differences are 
not merely imaginings. 

The volunteers for this study Avere attracted to 
the laboratory by a local advertisement and were 
chosen by answers to questionnaires. All were 
men between 20 and 40, and 16 were selected from 
each group, chosen so that there were no subjects 
with acute disorders that would disturb sleep, nor 
extreme insomniacs. The volant cel's Avere matched 
so that each poor sleeper had an approximate 
counterpart among the good sleepers in ago, edu- 
cation, and occupation. The groups did not differ 
notably in athletic inclinations. Each group con- 
tained students, laborers, professionals, physically 
active people, and inactive people. All of the par- 
ticipants had to meet some minimum health stand- 
ards, and in obvious characteristics the outsider 
would have said that the tAvo groups wore very 
similar. 

Each subject filled cut the long health question- 
naire, the Cornell Medical Index, and the Min- 
nesota Multiphasic Personality Index, a lest cal- 
culated to bring out dominant psychological traits 
and attitudes. In other respects, the laboratory 
proccuun Avas straight forward and no more tax- 
ing than innumerable other studies. Each person 
spent a night adjusting to sleeping in the labora- 
tory with recording devices on his body. The next 
night a variety of recordings were taken while lie 
slept. Even at this stage in the procedure, the 
experimenters noticed that some subjects were un- 
usually sensitive to the recording electrodes and 
thermistors. 

Ordinarily, Ih s process of being dressed hi elec- 
trodes before n tiring is relaxing, even soporific. 

o 




Subjects become quite drowsy. During tins study, 
however, some subjects gave unusual reactions, 
loudly complaining, Avhile other scarcely reacted. 
The OA*ersersitivo subjects were poor sleepers. 
These people- also complained of discomfort in the 
laboratory bedrooms, although each participant 
did sleep through an entire night while recordings 
Avere made of brain waves, body motions, heart 
rate, skin resistance, rectal temperature, skin 
potential, and finger pulse volume. 

Physiological Differences 

The data Avas aA'eragecI for each group, permit- 
ting the investigator to compare the main trends, 
and the groups differed sharply. Poor sleepers 
did sleep less. They took twice as long on the aver- 
age to fall asleep, requiring 15 minutes, whereas 
the good sleepers took an average cf 7 minutes. 
Yet more interesting was the fact that the poor 
sleepers estimated that it took them 50 minutes to 
fall asleep while the good sleepers were moro accu- 
rate in describing their own behavior. The poor 
sleepers awakened almost tar ice as frequently dur- 
ing the night and made many more movements of 
the body, shifts in position. The longest anybody 
could have slept would have been 7 hours. The 
good sleepers averaged 0i£ hours, the poor sleepers 
5% hours. Such differences arc often mentioned 
in conversation about sleep and they arc now docu- 
mented in this initial study. 

Pronounced physiological differences arc also 
associated with the restlessness and difficulty of the 
poor sleeper in falling asleep. Higher body tem- 
perature and faster pulse suggested that poor 
sleeocrs bo physiologically closer to a waking state 
than t ho good sleeper must. The pulse becomes 
somewhat slower during sleep, ordinarily. Be- 
fore falling asleep the average heart rate of the 
poor sleepers Avas C0.9 b»a s a minute. This 
dropped to 00.5 during sleep. The good sleepers 
showed a lower pulse re'e to start with. The aver- 
age rate before sleep was C0.7, and this had 
dropped to 56.0 during sleep. This is a consider- 
able difference between the two groups. 

Body temperature differed similarly, although 
the numerical difference may seem minimal on first 
glance. Poor sleepers had an average temperature 
of 98 degrees before sleep, dropping to 97.6. The 
good sleepers had an average temperature of 97.7 
before sleep, which dropped to an average of 97.2. 
A difference between the two groups of only 0.1 
of a degree may look insignificant, hut the entire 
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sleep tempera tm o range of the healthy adult is 
only a degree and four-tenths. So, within this 
range, a group difference of four-tenths of a degree 
is sizable. 

A relationship between dream activity and body 
temperature has been postulated primarily because 
the longest dream periods occur at the nadir of our 
temperature cycle. This study again suggested 
some relationship betv een dreaming and temper- 
ature. The poor sleepers spent less time in REM 
dreaming than did the good sleepers. Good 
sleepers, as a group, averaged about 24 percent of 
their sleeping time in the REM state. The poor 
sleepers, as a group, averaged only 10.9 percent. 
This enormous ditTerence in proportion of dream- 
ing is not the whole story, however, because it is 
based on group averages. The range within the 
poor sleeping group was very great, yet 12 out of 
10 were dreaming considerably less than the good 
sleepers. 

Whether or not chronic dream reduction had 
something to do with the psychological differences 
between the poor sleepers and the good sleepers 
is a moot question. That there were pronounced 
differences is undeniable. In the light of some of 
the dream-deprivation studies of the past, it is 
interesting to note that a few of the poor sleepers 
had previously undergone psychiatric therapy. 
These people actually showed more dream time 
than the others — 23 percent. Others who had 
never had therapy spent as little as 13 percent of 
their sleep in the dream state. This may have had 
something to do with the fact (hat the poor sleepers 
awakened about twice as oft f n during the night, 
]>erhaps interrupting or pieventing REM sleep 
and suggesting a higher stnt ' of arousal during 
sleep. 

Tho EEG patterns of the two groups differed in 
the apportionment of sleep phases throughout the 
night. Both groups spent some of tho first half 
of the night in stage 4, but they distributed it dif- 
foi ■on fly. Tho poor sleepers “used up” almost all 
if their stage 1 during tho first part of the night, 
whereas tho good slcopors had about 72 poroont of 
their slow-wave sleop in the first halt and distrib- 
uted tho re?A orer tho second half of the night. 

Town 1 tho end of tho night, the body temper- 
atures of tho poor sleepers wore still declining, 
whereas tho good droprrs wore showing a lie in 
temperature about an hour and a half before they 
woke up. The*e wore some of the map r philo- 
logical differences, and while they were tin* \- 




pectedly striking, the questionnaire pointed up 
even more striking psychological < ifferences. 

Psychological Difference* 

Although the Cornell Medical Index is often 
used as a quick assay of health, it is also used 
to gain information about psychosomatic com- 
plaints. It is a long questionnaire, and some of 
its questions are addressed to objective complaints : 
Do you need glasses to read? Others ask about 
more diffuse symptoms, dizziness, headaches, 
nausea. Included in the list are questions about 
subjective adjustment: “Do yon feel alone and 
sad at a party? Do peonle usually understand 
you?” The so-called average and will adjusted 
person will answer “Yes” to only about five or 
six of these questions. The good sleepers averaged 
about 0.5 affirmative answers. On the other hand, 
the poor sleepers averaged about 23.9 affirmative 
answers, suggesting that they suffer more psycho- 
somatic ailments and experiences of maladjust- 
ment than tho good sleepers. Discernible dif- 
ferences also appeared when the experimenters 
scored the Minnesota Multiplinsic Personality In- 
ventor}-; on this the poor sleepers seemed more 
hypochondriacal* introverted, anxious, and neu- 
rotic than did the good sleepers. 

Even this initial material strongly suggests that 
I he differences in sleep quality arc not merely dif- 
ferences in sleep. Poor sleepers seem distinctive 
in pervasive ways. Questionnaire responses sug- 
gest the)’ have more neurotic ai.d psychosomatic 
tendencies. As a group they were more restless 
in sleep, fell asleep more slowly, indicated higher 
autonomic activity in heart rate, pulse volume, 
and body temperature, and distributed tho EEG 
phases of sleop differently across the. night. We 
do not know what makes a person become a good 
or poor sleeper, nor the exact moaning of the 
physiological concomitants. But those differences 
appear to be thoroughgoing, reflected in attitudes, 
sensitivity to the laboratory and the equipment in 
which they slept, not merely restricted to night- 
time sleep. 

Sleep Quality and Constitution 

The old family doctor used to nver that good 
sleep was the source of well -wing and hale at- 
titude'!. fin intuition thui lias been repeated for 
centime-' without offending common sense. But 
time i* no wsiy of ordering a person to sleep well. 
Perhaps by voluntary lv!m\ iors individuals can 
improve their sleep. We lo not know to what 
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extent. Tins study raises tie ugly suspicion that 
there may be a predisposition to sleep well or 
poorly, for the physiological d' /Terences reflected 
in sleep may, in turn, be influencing behavior. 
Could these physiological patterns hold clues to 
physical complements of neuroses? Is there some- 
thing about the poor sleeper that makes him vul- 
nerable, and overreactive to Ids uivironment? Or 
is hick of rest the key to his other troubles? 

Disturbed sleep can bo part of a vicious circle 
involving emotional and behavioral deterioration. 
Sleep lor?, in itself, induces a variety of curious 
symptoms, and in extreme, is attended by almost 
psychotic symptoms. It is associated with an 
alteration of the body’s energy metabolism. A 
relatively short period of sleep loss is accompanied 
by the production of an indole associated with 
stress, a chemical of the LSD or serotonin family. 
Commonly, the physician sees sleep disturbances 
during a prelude to mental breakdown, during de- 
pression, before acute psychotic episodes. The 
loss of a single portion of the KEG distribution 
has an aftermath. After REM deprivation, 
whether or not individuals have shown behavioral 
effects, t 1 ey make up for lost REM time. Simi- 
larly, when deprived only of stage 4, people make 
up that stage of sleep by spending n compensatory 
proponinn of sleep in stage 4. Perhaps some 
regular quota and distribution of the KEG plusc 
is necessary to each in dividual. In severely de- 
pressed Tat huts and ] ■ hotk-s during acute 

episode tl i'c ar< r> mi jalous patterns within the 
d ivani period — rapid transitions between waking 
and dreaming, unusually high percentages of 
dreaming sleep (Hawkins, 19C5; Hartman efc ah, 
19G4). The numerous studies of mentally ill per- 
sons, of epileptics, narcoleptics, entireties and 
others all suggest a link between anomalous sleep 
patterns and disordered behavior. This does not 
say whether the mild disturbance, the neurotic 
signs of the poor sleeper would be alleviated by 
better sleep. What wo have seen in these re- 
searches is that sleep is an orderly cycle involving 
bodily changes and altered states of cor ciousiicss, 
a unify of psychological and physiological trans- 
formations that is not separable from waking 
health and behavior. The process resembles the 
turning of a wheel on which if is difficult to a? sign 
a point where the motion began, but which can be 
braked. Therapy may be applicable at several 
levels, and it is possible that the poor sleeper might 



benefit from a drug or conditioning that improves 
his sleep. 

Differences between the good and poor sleeper 
may reflect their separation from each other along 
a continuum, a wide range of human sleep pat- 
terns. They may be related to individual differ- 
ences spotted in many other studies. Some people, 
for instance, reacted more than others to sleep 
deprivation, or dream deprivation. People’s drug 
responses differ, and infinitesimal dose adjust- 
ments had to be made for each individual before 
LSD in microdosages would leave their mark on 
dreaming. The ration of nk jliol that put one 
cat to sleep left another curious and lively. In- 
dividual differences have been expressed in diverse 
ways. Volunteers in sleep studies have differed 
in their ability to press switches during sleep, fol- 
low instructions, in their amenability to hypnotic 
suggestion during sleep, and in their ability to 
recall dreams. Within dream-recall studies we 
may be seeing two extremes of a continuum, for 
one person appears to sleep so deeply that Lis 
dream has vanished by the time lie awakens, while 
another claims lie does not dream, apparently con- 
fusing dream with waking, and dreaming in such 
a light stage of sleep that he can hear the air con- 
ditioner and otlwr iv ises in the room. Many of 
these difference o may bo constitutional, the coun- 
terparts of pervasive genetic endowments that 
show up in personality and behavior as well as in 
body build, blood type, hair color, and on other 
physiological mensiuvs. The influence of inherited 
factors is enormously difficult- to determine with 
human beings, and consequently lias not been ex- 
plored intensively in relation to sleep patterns. 
The difficulty of ascertaining constitutional factors 
may explain why they are so often omitted from 
behavioral considerations in human studies. 

One of the 1 lends shown by poor sleepers, how- 
ever, may provide a means of exploring predis- 
positions without going back into family traits 
and impossible genetic skeins. The poor sleeper 
seems to bo in a somewhat heightened physio- 
logical state, before and during sleep. Is tins 
roughly analogous to a motor that races when it 
should be idling? Is the poor sleeper tuned to 
higher arousal, hyperreactivity ? Is his metabolic 
and neural baseline just slightly different than 
that of the good sleeper? Could the higher in art 
rate, temperature, and the numerous awakenings 
mean that he is overproducing neuroelu micals that 
stimulate the arousal system, or that he under* 
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produces chemicals that stimulate the hypnogenie 
inhibiting system? There are many alternative 
metabolic and neural adjustments that might ex- 
plain this physiological difference. A braking 
chemical that prevents overactivity in certain cells, 
may be deficient. Although this is climbing into 
the realm of pure speculation, we are now able to 
ask questions that could not have been asked sen- 
sibly ever, a few years ago. Indeed, recent progress 
lias been so rapid that the answers may not be far 
distant. 

We have mapped hypnogenie and arousal path- 
ways within the brain, triggered by chemicals that 
may also turn out to mediate the influences of 
hormones, stress products, and other substances. 
The hypnogenie and arousal areas are connected 
with subcortical regions regulating autonomic 
functions such as heart rate and temperature, in- 
stinctive drive responses, pleasure, or pain. The 
varied basic studies from which these findings 
emanate, may begin to explain the neural and 
chemical origins of the patterns of the poor 
sleeper. At the same time that they give a pre- 
dictive and controllable understanding of the high 
heart rate, arousabilily, of the poor sleeper, they 
also may be explaining why he suffers psychoso- 
matic complaints and neurosis. 

By Ie fining precisely seine of the physiological 
characteristics and psychological concomitants of 
good and poor sleep we may provide the doctor 
with a new diagnostic inventory. Sleep, and re- 
sistance to sleep loss, as others have suggested, may 
indicate how well a person can perforin under 
stress. But by pursuing these differences between 
good and poor sleepers to their neural origins, we 
may begin to answer questions about individual 
differences that have long eluded our grasp. Are 
many neuroses the behavioral concomitants of 
hyperreactivity? What causes a person to bo 
oversensitive to his environment, to pain, and to 
situations that leave others unscathed? Are there 
also people at the other end of the scale, who under* 
react, on whom the environment and its social 
teachings leave too little impression-sociopaths 
and psychopaths? If these tendencies are rooted 
in mechanisms whose signs we see in sleep, ctuld 
wc detect them in early childhood? Although the 
links Mweru predispositions in personality and 
pattern 5 of sleep may only he conjectured at this 
lime, the clues from observed sleep paMtrns are 
clues for internal exploration. Wc may at Bast be 
gaining a key in pervodv© patterns under lying the 
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development of behavior, and insight into the 
physiological differences that may renler one per- 
son vulnerable to an environment, to a family, 
where other's mo not marred. Such explorations 
may help to solve some of tire perplexing riddles 
that confront investigators of many abnormal be- 
haviors — among them the neurotic or the juvenile 
delinquent whose behavior differs greatly from 
that of his siblings. 

Summary 

Luring the last decade, scientists of many dis- 
ciplines, using different instruments and inspired 
by different interests, have converged onto the 
study of sleep only to discover that they were ex- 
ploring related events, fundamental processes in- 
volved in mood, behavior, memory, health and ill- 
ness, sanity 7 and madness. The contagious ex- 
citement generated by these researches has not 
stemmed from tho many isolated and useful dis- 
coveries so much as from their convergence to- 
ward central mechanisms in the nervous system. 
Tho sleeping brains of monkeys and chimpanzees 
have clarified tho nature of epilepsy, and the sleep- 
ing rabbit pointed to links between mood and 
fertility. Physiological transformations in people 
and sleeping animals have suggested the instinc- 
tual basis of dreams. Like the spokes of a wheel 
leading to the hub, seemingly unrelated studies of 
muscles, finger pulse volume, attention, drugs, 
dream and sleep loss, have shown links and have 
illuminated some of miv puzzling sleep disorders 
and symptoms of mental illness. The confluence 
of these fragments has generated theories about 
the way the nervous system functions during sleep 
and waking, and this may explain the prolifera- 
tion of sleep studies, significant even in the last 
year. Communication among the world-scattered 
scientists of sleep may explain t lie astonishing rate 
of discovery. 

Less than 10 years ago, as scientists began mov- 
ing across the borders of what wo used to call 
unconsciousness, they began demonstrating that 
sleep was not an unconscious suspension from life, 
devoid of complex behavior and only tangentially 
related to the quality of our day?. Instead, they 
confronted a very active brain which, in one stage 
of sleep, resembled waking to an amazing degree. 
They confronted question? about attention a 5 well 
a? somnolence and relaxation. They communicat- 
ed with sleeper? and received answering signals. 

One important fulcrum was the discovery that 
all sloe]) was punctuated by interval? of rapid 
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10EG rhythms and eye movements, and vivid 
dreaming, a state not unique to man, but found 
in mammals down to the primitive opossum. 
Today, the evidence suggests that the visual im- 
agery of dreams is not man’s prize but exists in 
the monkey and perhaps all seeing animals. Both 
men and animals show a need to dream, for when 
deprived of the REM dream state by loss of sleep, 
by drugs, by anxiety, or deliberate awakenings, the 
normal individual quickly compensates, making 
up the loss in subsequent sleep. Since many 
mental illnesses are accompanied by sleep disor- 
ders, by broken sleep, anomalous dream periods, 
people inevitably wondered whether and how emo- 
tional disorders related to abnormalities of the 
REM dreaming mechanism, perhaps coming from 
too little REM dreaming. 

Some neurophysiologists were finding (hat the 
dream state could be brought on by directly stim- 
ulating a portion of die brain stem in animals. 
Tt was abolished if a spot were destroyed within 
this primitive brain area. Although the regula- 
tion of sleep and dreaming seemed to be more 
elaborately governed and diffused in primates and 
man than lower animals, this important locus in 
the brain stem led to conjectures with many im- 
plications for the understanding of psychoses and 
the function of dreams. It is a von* old region of 
the brain, one of the first to form in the develop- 
ing embryo, giving evidences of its rhythms 
before there are signs of the cortical rhythms of 
sleep. Perhaps this might explain why infant 
animals ami infant humans were found to have 
more of this dream -state rhythm which declined 
with age as the cortex matured. Perhaps, indeed, 
the decline of the dream state might become a meas- 
ure of normal brain development in very young 
infants. 

Further studies of the dream stale suggested 
that it might be triggered biochemically and that 
loss of REM dt earning enhanced the drive ori- 
ented behaviors of animals. This in turn, sug- 
gested that a biologic d function of dreaming 
might be. the development of drive mechanisms 
within the embryo and infant. A later fum-don 
of the dream state may be (ho discharge of exile- 
ment in l lie brain's “drive renters’* ar* ompanied l>v 
a great array of psychological releases. 

A ni"d saliem properly of the brain, one that 
makes it formidable to study, i> its complex inter* 
related ness. AVbilc many experimenters have con- 
centrated upon the relationships between the brain 



stem and related regions during the dream state, 
other scientists have concentrated after tion upon 
such distant brain systems ns the hippocampus. 
Single elect lie stimulations to this area and other 
brain regions will produce the familial* brain 
waves of activated, or paradoxical sleep. The 
hippocampus has been associated with memory 
and emotNpn, has been shown to be related to the 
cortex and to subcortical areas, to activity in the 
autonomic nervous system and body muscle sys- 
tems. These links may help us to learn how the 
contents of the inner dream experience are pro- 
duced anc) how they are related to the physiological 
events seen during the REM dream state. They 
may also suggest some links between the state of 
anxiety in which an individual may be less than 
usually sensitive to his surroundings and the brain 
mechanisms producing REM dreaming. In both 
anxiety and dreaming a portion of the brain may 
bo operating in almost a closed-circuit manner. 

Theory is always bound to bo partly wrong, but 
it has been the evolution of theories that encour- 
ages ex perim e n t , mot i va t i ng d i sco ve r i es 1 1 1 at w oul d 
otherwise be mere fragments, or might never be 
done. So in sleep research, theories have inspired 
the accumulation of data which are now beginning 
to fit togeflicr and explain some of the most baf- 
fling of sleep disorders. Sleepwalking is an exam- 
ple. Muscle llaeoidity during sleep and other 
findings about the dream state did not jibe with 
tho common idea that sleepwalking occurred in the 
REM dream state. Bedwetting and somnambu- 
lism, indeed, both occurred during other stages of 
sleep. Inferences from many studies of the brains 
of sleeping animals and people may explain bow 
tho somnambulist shambles around furniture, eyes 
open, yet giving no expression of seeing. During 
slow- wave sleep, sensory impulses flood into the 
brain, but the integrative region* that create per- 
ception and awareness function in an altered, 
delayed manner. 

A new picture of narcolepsy has emerged. The 
attack is one of normal sloop in an abrupt drop 
from waking into the RKM dream state, with a 
sudden loss of muscle tone. A seizure locus in tho 
amygdala ha- been postulated and also dream loss. 
The amphetamines narcoleptics lake in order to 
stay awake have been found to have a REM-reduc* 
ing effect. Ah hough tho exact brain mechanism 
has not yet been deciphered, new diagnostic proce- 
dures and therapy have been de\ eloped out of tho 
studies so far. 
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The practical consequence of sleep research ex- 
tend, into every rerlm of living and certainly into 
our use of drugs. Alcohol, barbiturates, and 
many tranquilizers depress REM dreaming, for 
instance, although they differ in their impact. The 
effect upon neural mechanisms of dreaming may 
also explain h r O overs, and drug psychoses. Bar- 
biturates do more than reduce ltEM dream time, 
they interfere with integrative processes in the 
brain, which in turn, may be participating in main- 
taining body functions. It has been thought that 
some psychotics, or narcoleptics, or other individ- 
uals suffering from dream loss might benefit from 
increased dreaming. Cui rent explorations of BSD 
and gamma hy droxybutyr.it e suggest that a drug 
therapy to increase dreaming may be possible. As 
a result of sleep studies our use of tranquilizers, 
sedatives, and antidepressants, may be far less 
haphazard, for we a re beginning to determine how 
they act upon the b n ain, why individuals react 
differently to the same drug, or to a particular 
concentration. 

Wo are just beginning to explore the chemistry 
of sleep, to see how natural body substances such as 
sex hormones influence sleep. Here may be the 
roots of many abnormalities, for slight, increases in 
steroid hormones that produce sleep, can mean 
anesthesia, or convulsion. Anatomical mapping 
of the sleep circuit and arousal centers in the brain 
has employed two neiirochernicals which may be 
the basic transmitters, the crucial chemicals tha. 
mediate shop and arousal. Insufficient supply of 
the by pnogenic transmitter may cause i he insomnia 
of t lie elderly, who awaken too early. Oversupply 
of an arousal mediator may play a role in the 
inability to fall asleep. Within the metabolism of 
the sleeping brain we may expect to find the clues 
to many pervasive, disorders; and perhaps also 
pervasive personal tendencies. Do suno people 
fend to inhibition and others to arousal? Under 
the horrendous conditions of battle that agitato 
most people, some sokliers are known to have 
fallen asleep in the trenches. There are many 
instances in which a situation fraught with 
emotion has caused a soporific reaction within one 
person, a restless reaction in another. 

Very pensive individual differences have been 
noted throughout sleep lesra relies, expressed in 
behavior and altitude and in physiological pat- 
terns. Arc these related? Are wc on (he wav 
toward looking at a poison's polygraph ivord 
during sleep and predicting lv w well he will mler- 



ate stress, hunger, sleep loss, pain, dream depriva- 
tion ? Could we learn from this sleep record about 
his ability to remember dreams, to perform tasks 
during sleep, his response to certain drugs? Could 
we predict from these physiological indices his 
propensity toward psychosomatic ailments, and 
the intimations of his personality that he will 
leave on psychological questionnaires? Does the 
heightened physiological state of a poor sleeper 
indicate a high setting within the brain's system of 
arousal — leading him to overreact to the environ- 
ment? If so, could we detect incipient neurosis 
early in life? As the findings from diverse sleep 
studies are juxtaposed, they begin to suggest inter- 
nal links, and raise innumerable questions of mon- 
umental importance to medicine and psychiatry. 

These questions are beginning to be clarified by 
studies that may seem remote, but the scientist 
observing human behavior is like an astronomer 
with an optical telescope, recording what can bo 
seen with the eye, while unseen and invisible radia- 
tions f i om that same place must be interpreted 
tli rough radio antennas. 

New instruments and techniques of analyzing 
data have become increasingly important in brain 
study, where most of our questions lead. Using 
tiny electrodes, deeply implanted in the brains of 
animals, researchers hare begun to read what, is 
happening in the brain (luring the different phases 
of sleep. 

The discharge patterns of single brain cells, as 
well as groups of cells, are yielding clues about 
neural organization during dreaming, about the 
nature of hallucination, and seizure. The brain's 
responses to signals lias enabled us to track tbo 
neural mechanisms by which a mother learns to 
awaken to her child's whimper, yet sloe]) through 
traffic. From studies of brain lv.-ponses, averaged 
and analyzed by computer, we have inferred a fun- 
damental distinction l>c tween dreaming and other 
dce]> sleep. During REM dreaming, the sensory 
impulses are screened out, to an extent that resem- 
bles tho censorship of waking in moments of atten- 
tion. Tims, the dream state appears to be a period 
of intense inward concentration, in which brain 
activity bears some resemblances to waking. 

Eueepli a logm pliers cannot distinguish, by eye, 
the many shifts of attention and Public transfor- 
mations that occur throughout waking and sleep, 
for massive information is hidden in the KEG. 
Many new mathcnntiral techniques for analyzing 
tho KEG data have l>cen developed to eke out this 
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information, to determine whether a few seconds 
of brain waves resemble each other in frequency 
distribution or power- The computer has heroine 
an essential instrument to perform the manipula- 
tions, or calculations of most sophisticated brain 
research, and indeed for any refined reading of the 
EEG. This is, of course, at the very heart of the 
matter. The EEG is a staple instrument for gaug- 
ing the behavior of the mind, and the further re- 
finement of EEG analyses may make it a diag- 
nostic tool with which we may be able to discrim- 
inate between the patterns of the normal person, 
the neurotic and the schizophrenic. Indeed, by 
tracing the patterns of attention and other states 
of consciousness wo may be able to distinguish be- 
tween the many kinds of psychoses we now cn J 1 
schizophrenia. Mental disorders, as they are re- 
flected in sleep patterns, may be tracked to their 
brain origins more precisely as these new methods 
come to wider use. 

Neural changes and brain processes that arc not 
perceptible on the EEG, have been tracked by a 
new tool that measures changes in the electrical 
resistance of neural tissue. Recent studies illum- 
inating the action of the sleeping brain have shown 
that the single nerve cell transmits messages in a 
rhythmic code composed of discharges and spaces. 
Impedance measurements of resistance changes 
which may occur in nonncural glial cells may toll 
how the evit ability of the nerve cell is modulated 
by surrounding influences. Thus we may begin to 
find out how patterns of electric waves occur in 
various parts of the brain, in seizure activity like 
epilepsy, and the widespread ehangej wc know as 
sleep. 

The equipment, the mathematical analyses, and 
the intricate techniques of these basic investiga- 
tions are expensive. The conclusions may seem in- 
comprehensible on the surface, and distant from 
immediate problems of mental health. No serious 
scientist, probing a biological mechanism for its 
internal laws, would want to promise particular 
applications, yet the unforeseen yield of these un- 
approachable basic researches are what wo count 
upon in the long run. If sleep research has pro- 
duced rich and practical insights into the working 
of the mind, its productivity must lx? credited to a 
symbiosis and communication among the partici- 
pants. Clinicians report a bizarre brain wave pat- 
tern in the brain of an epileptic patient in sleep, 
and studies of the chimpanzee indicate that this 
is a normal pattern althou^' never observed before. 




Psychologists discover rapid eye movements dur- 
ing dreaming, and neurophysiologists trace excite- 
ment within a brain stem area through linked 
regions of the visual system. Curious deep find 
dream patterns are observed in some psycho tics, 
and untoward reactions to certain sedatives, and 
brain researches begin to explain that schizophre- 
nia shows an impact upon attention mechanisms, 
upon which tranquilizers and barbiturates act 
differently. 

As the EEG analyses become ever more refined 
and activities deep within the brain are further cor- 
related with the ripples they create at the surface, 
the nightlong record of sleep may become one of 
our most useful diagnostic tools. It may tell us 
about the integrity of an infant’s nervous system 
long before there is any behavior to test. It may 
warn us of incipient mental breakdown, allow us to 
prevent fatal coronaries in sleep, reveal whether 
drugs are beneficial or harmful. G may discrimi- 
nate between people who can resist stress, and those 
who may bo vulnerable, predict lifelong tendencies, 
proclivities for psychosomatic ailment and neu- 
rosis. It should not be discouraging that these are 
phrased as future possibilities rather than present 
certainties, for this area of study has scarcely had 
time to begin. Knowledge of our sleep patterns, 
our daily temperature rhythms, the impact of age 
and habit upon our response to sleep loss, our 
transitions from waking to sleep and from sleep 
to wakefulness should become useful to each in- 
dividual as it is useful to know that one is sick when 
one has fever, or should not drive after drinking. 

One of the very great contributions of sleep re- 
search could be the enrichment of hiunan conscious- 
ness and enlargement of human capacities. The 
EEG has been used t\i an educational instrument 
to teach people to recognize and control a state of 
consciousness they had not been aware of. Volun- 
teers in the laboratoiy have learned to decrease 
blood pressure. The yogi’s extraordinary bodily 
controls and voluntary immunity to pain come 
from roundabout disciplines. We. too, may begin 
to acquire such disciplines by more systematic 
means. If emotional states and autonomic func- 
tion s can be modified by the individual, psycho- 
therapy and the treatment of psychosomatic ill- 
ness may substitute training for drugs. As we 
leirn the determinants of sleep we may also ac- 
quire the knack of some unusual people, who in- 
duce sleep by deciding to sleep and who seem to 
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awaken themselves by mental clocks, perhaps in 
a phase of: sleep near arousal, 

Sleep researches are beginning to offer tools of 
self-knowledge. People may begin to sense their 
cycles of alertness and drowsiness, and take ad- 
vantage of the natural timing of their bodies, and 
minds. Attention, that subtle state whose neural 
components have begun to be pursued, may also 
become a faculty that we deliberately enhance in 
the moving, for the control of attention is often a 
deciding factor in the productivity of a life. The 
concentration that might multiply and extend the 
abilities of more people, also shows its rhythms 



from the brain, perhaps making its first appearance 
in the young in the dream state. As research be- 
gins to reveal the correlates of these tates it may 
be otTerinsr us methods of becoming acquainted 
with the feel of our own minds, an important step 
in using them. 

Hardly foreseen 10 years ago, the study of sleep 
has extended its benefits into medicine, pharma- 
cology, psychiatry, into the scheduling of work and 
rest, and into the education of the individual ac- 
quainting him with himself and the uses of his 
remarkable brain. 
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